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Endocytosis takes occludin for a ride

T
he lining of the small intestine 

locks out bacteria and toxins 

while soaking up nutrients and 

water. By observing intestinal cells of live 

mice through the microscope, Marchiando 

et al. (1) reveal the mechanism that regu-

lates this barrier. The study shows the 

importance of the tight junction protein 

occludin for the process and identifi es the 

endocytic route that removes occludin to 

adjust permeability.

An intestinal leak is a potential disas-

ter. “The gut is a cesspool,” says senior 

author Jerry Turner. “You will die from an 

overwhelming infection if your barrier 

fails.” The epithelial cells that line the in-

testine establish the barrier. Adherens 

junctions fasten adjacent cells in the lin-

ing together (2), but tight junctions seal 

the gaps, functioning like a gasket be-

tween cells. Unlike a rubber gasket, a 

tight junction can alter its permeability. 

Tumor necrosis factor (TNF), which un-

derlies some symptoms of Crohn’s dis-

ease, spurs the tight junctions to relax and 

allows water to leak into the intestine, re-

sulting in diarrhea (3). The junction ap-

pears to remain intact, and the structural 

changes that produce this altered perme-

ability have remained elusive.

The researchers fi rst ruled out one group 

of tight junction proteins, the claudins, which 

are crucial for maintaining the intestinal bar-

rier. Turner’s group then turned to occludin. 

Although the protein isn’t 

essential for junction forma-

tion, a previous study from 

Turner’s lab (3) indicated 

that when TNF induces in-

testinal leakiness, occludin 

exits the membrane of the 

epithelial cells. However, 

researchers hadn’t resolved 

whether occludin relocation 

alters the lining’s permeabil-

ity or whether it is a marker of other events.

Marchiando et al. tracked occludin dy-

namics in transgenic mice that produced a 

GFP-tagged version of the protein. After 

anesthetizing an animal, the researchers 

cut open the abdomen, popped out a loop 

of small intestine, and sliced it open. Dur-

ing the procedure the organ retains normal 

blood fl ow and nerve connections. With 

the animal resting on a confocal micro-

scope stage, the researchers could lay the 

intestinal lining over a cover slip and watch 

how occludin’s location shifted after a dose 

of TNF. There was no visible effect until 

nearly 90 minutes after the cytokine’s 

injection. Then occludins in the junction 

began to clump. Shortly afterward, vesicles 

containing the protein started streaming 

away from the cell membrane. Occludin 

“looked like it was internalizing directly 

from tight junctions,” says Turner.

The researchers also took advantage of 

the transgenic mice to nail down occludin’s 

role in setting the barrier’s 

permeability. The engi-

neered mice manufacture 

almost twice as much occlu-

din as normal, and their tight 

junctions appear to be extra 

tight. Unlike in normal mice, 

TNF did not cause diarrhea 

in the transgenic animals.

Marchiando et al. then 

asked what abducts occlu-

din and spirits it to the cell interior. Earlier 

in vitro studies by Turner’s group and by 

other scientists (4, 5) identifi ed three 

suspects. The team found that blocking 

macropinocytosis, a method by which cells 

engulf fl uid, didn’t affect the number of 

vesicles harboring occludin, casting doubt 

on one potential mechanism. A second 

possibility—removal by clathrin-coated 

pits—also clashed with the evidence. A 

drug that prevents endocytosis via these 

pits had no effect on occludin endocytosis. 

Instead, the team’s experiments pointed to 

a role for cholesterol-rich membrane rafts 

that are similar to caveolae. For instance, 

occludin often internalized with caveolin-1, 

a marker of this endocytic route. And in 

mice lacking caveolin-1, TNF doesn’t spur 

endocytosis of occludin or diarrhea.

“The data show that even though it is 

not required for basal function, occludin 

does play a really important role in tight 

junction regulation,” says Turner. Removal 

of the protein seems to make the junctions 

more porous. This increased permeability 

can be detrimental, as in Crohn’s disease. 

But it could also be helpful, possibly allow-

ing cells to quickly absorb a surge of 

nutrients in the intestine. What researchers 

now need to fi gure out, Turner says, is 

how addition and removal of occludin 

change tight junction structure.
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Amanda Marchiando (second from right, front row), Jerry Turner (far left, front row), and 
colleagues are interested in how the intestinal lining fi ne-tunes its permeability by moving 
the tight junction protein occludin. In this cross-section of intestinal villi, occludin (green) 
concentrates at tight junctions.

“The gut is a 
cesspool. You 

will die from an 
overwhelming 

infection if your 
barrier fails.”

Researchers show how cells remove a tight junction protein to tweak small intestine permeability.

FOCAL POINT  

D
ow

nloaded from
 http://rupress.org/jcb/article-pdf/189/1/7/1854759/jcb_1891if.pdf by guest on 08 February 2026



<<
  /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
  /CreateJDFFile false
  /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 (U.S. Prepress Defaults)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 600
  /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

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


