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CLAMPing down on microtubules in migratory cells
Par complex and “sperm” protein crucial for embryonic cell relocation.

little-known microtubule-binding
A protein promotes cell migration
during development. Werner et

al. find that the protein, CLAMP, stabi-
lizes microtubules at the front of crawling
cells and enables the cells to fit in when
they reach their new home (1).

Embryonic cells and cancer cells often
travel far from their birthplace and may
have to traverse barriers to reach their des-
tinations. During Xenopus development,
two types of cells that are born in an inte-
rior layer of the embryo—multiciliated
cells and ionocytes—perform a maneuver
called radial intercalation. They head for
the embryo’s surface, where they force
aside cells in the outer layer and then inter-
lock with their new neighbors (2).

Migrating cells often relocate their
centrioles to a position between the nu-
cleus and the front end of the cell, and
they typically stabilize microtubules
aligned with the axis of movement. Pro-
teins of the Par complex—which include
Par3, Par6, and aPKC—stimulate cell
migration, and previous studies suggested
that they promote centrosome reloca-
tion and microtubule stabilization (3, 4).
Werner et al. delved further
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Brian Mitchell (leff), Michael Werner (center), and colleagues (not pictured) determined how the
Par complex and the microtubule-stabilizing protein CLAMP allow internal cells to move to the
outer layer of the embryo. The image on the right shows the result of depleting CLAMP with a
morpholino. Arrows indicate multiciliated cells (blue) that migrated to the embryo’s surface but
failed to integrate with the cells already there (red).

these microtubules concentrated at the api-
cal end of migrating multiciliated cells
and that dosing embryos with nocoda-
zole, which breaks down microtubules,
drastically reduced the number of cells
reaching the outer layer.

Further experiments showed that the
Par complex was necessary for microtu-
bule stabilization. To find out how the Par
complex interacts with microtubules, the
researchers went fishing for binding part-

ners of aPKC. They reeled

into the functions of the
Par proteins during radial

“This protein

in CLAMP, a microtubule-
binding protein mainly

intercalation. is req"y studied in sperm flagella.

The researchers engi- . Werner et al. showed that
neered embryos to manu- |mpor.tc.1 n.ll FOI' CLAMP stabilized micro-
facture a dominant-negative stabilizi ng tubules in vitro and in cells.

version of Par3 that blocks
the protein’s function. Multi-
ciliated cells contain numer-
ous centrioles that help form
cilia. But in multiciliated
cells expressing dominant-

microtubules in

a subcellularly
restricted
manner.”

For example, a morpholino
that depleted cells of
CLAMP reduced microtu-
bule stability in cells of the
embryo’s outer layer. It had
an even larger effect on

negative Par3, centrioles
failed to gather at the front, apical side of the
cells. Moreover, 80% of the cells could not
manage radial intercalation. A morpholino
that depletes cells of Par3 produced the
same effect, suggesting that the Par complex
is essential for radial intercalation.

Stable microtubules are also necessary,
the researchers found. They observed that

multiciliated cells that were

in the process of intercalating, cutting the

amount of acetylation—a marker of micro-

tubule stability—by 60%. Losing CLAMP

didn’t prevent multiciliated cells from

differentiating, but they remained trapped
in the interior of the embryo.

The discovery of CLAMP’s role raises

a further question: how does the protein

preferentially stabilize microtubules in the
correct part of the cell? Werner et al. noticed
that Par complexes amass in the apical por-
tion of multiciliated cells, and they deter-
mined that CLAMP also localizes there.
This finding suggests that the Par complex
helps position CLAMP so that it can act
on microtubules at the leading edge of a
migrating cell.

The study reveals that CLAMP has a
bigger influence than researchers suspected.
“This protein is really important for sta-
bilizing microtubules in a subcellularly
restricted manner,” says senior author
Brian Mitchell. When researchers think
about the cytoskeleton in a migrating cell,
they tend to think of actin, he says. “In
this context, it turns out that microtubules
are also critical.” One question that re-
mains to be answered, he adds, is how
cells regulate CLAMP to stabilize micro-
tubules at the right time. It’s also unclear
if cancer cells depend on CLAMP as they
seek out new homes and barge through
cellular barriers.

1. Werner, M.E., et al. 2014. J. Cell Biol. http://
dx.doi.org/10.1083/jcb.201312045.

2. Stubbs, J.L., et al. 2006. Development.
133:2507-2515.

3. Schmoranzer, J., et al. 2009. Curr. Biol.
19:1065-1074.

4. Chen, S., et al. 2013. Dev. Cell. 24:26-40.

In Focus « THE JOURNAL OF CELL BIOLOGY

PHOTOS COURTESY OF JENNIFER MITCHELL
(MITCHELL) AND ELIZABETH ROSS (WERNER)

920z Arenigad g0 uo 3senb Aq 4pd €90z 9ol/£5806G /1 £€/€/90Z/4Pd-8lo1e/qol/B10"sseidnu//:dny woy papeojumog

331




<<
  /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


