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=3 MITOSIS

The spindle matrix revisited

Chromosome segregation during
mitosis is coordinated by the
mitotic spindle, which requires
the joint activities of microtubules,
microtubule-binding proteins and
chromosomes. Although it has been
suggested that a structural scaffold —
the so-called spindle matrix — tethers
spindle-assembly factors (SAFs) and
supports spindle assembly, the nature
of this scaffold has remained elusive.
Now, Yixian Zheng and colleagues
report in Science that the intermedi-
ate-filament protein lamin-B is
required for spindle assembly, and
they propose a structural role for
lamin-B in the spindle matrix.
Lamins have regulatory and
structural functions in interphase
nuclei, but previous studies indicated
that a fraction of lamin-B might also

associate with the mitotic spindle and
therefore might have a role in mitosis.
Zheng and colleagues showed, using
immunofluorescence, that lamin-B
associates with mitotic spindles in
Xenopus laevis egg extracts and HeLa
cells. Depletion of lamin-B by RNA
interference in HeLa cells led to an
increase in defects that are associated
with spindle assembly and function,
which indicates that lamin-B might
function in spindle assembly. To rule
out the possibility that the spindle
defects were an indirect result of the
perturbation of interphase functions,
the authors carried out experiments
in M-phase X. laevis egg extracts, and
obtained similar results.

Next, the authors showed that
lamin-B assembled into a matrix-like
network during mitosis, and that
this process depended on the pres-
ence of the GTP-bound form of the
small GTPase Ran. Spindles were
assembled in X. laevis egg extracts in
the presence or absence of RanGTP,
and the spindle microtubules were
subsequently depolymerized with
nocodazole. This revealed a lamin-B-
specific fibrillar-granular matrix,
which formed only in the presence
of RanGTP. A possible explanation
for the requirement of RanGTP is
that the nuclear-import proteins
importin-o and -f} interfere with the
assembly of the lamin-B matrix, and
that RanGTP displaces importin-o
and -B from proteins such as
lamin-B that are required for matrix
assembly.

Double-immunofluorescence
analyses of the lamin-B matrix
showed the presence of both lamin-B
and SAFs (poly(ADP-ribose),
NuMA, Eg5, XMAP215 and TPX2)
in the same matrix. Although the
depletion of lamin-B inhibited the

formation of matrix structures that
contained SAFs, the depletion of
either Eg5 or XMAP215 still allowed
the formation of lamin-B matrices
that contained other SAFs. These
findings indicate that lamin-B is
required for the assembly of a
spindle-associated matrix.

Zheng and co-workers were able
to isolate the lamin-B matrix from
M-phase egg extracts that were
treated with nocodazole, and could
indeed detect the presence of lamin-B
and several SAFs. When incubated
with pure tubulin, these isolated
matrices caused the nucleation of
microtubules, which tethered to
the matrices. By contrast, no micro-
tubules assembled in the absence of
the matrices. Importantly, the matri-
ces from which XMAP215 was absent
were unable to promote microtubule
assembly. This implies that the
lamin-B matrices can promote
spindle assembly by tethering SAFs.

Finally, the authors showed that
lamin-B mutants that were unable
to form proper interphase nuclear
lamina disrupted spindle assembly.
Also, the localization of SAFs on the
microtubule structures in the matri-
ces that contained mutant lamin-B
was abnormal. Therefore, the proper
assembly of the lamin-B matrix is
essential for the organization and
localization of SAFs on spindles dur-
ing mitosis.

This work indicates that lamins
might have nuclear structural roles
not only in interphase, but also in
mitosis, and sheds important new
light on the elusive spindle matrix.

Arianne Heinrichs
ORIGINAL RESEARCH PAPER Tsai, M.-Y. et al.
A mitotic lamin B matrix induced by RanGTP

required for spindle assembly. Science 16 March
2006 (doi:10.1126/science.1122771)

NATURE REVIEWS | MOLECULAR CELL BIOLOGY

VOLUME 7 [ MAY 2006



	The spindle matrix revisited
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


