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Abstract

After the publication of the work entitled “Dermatan sulfate in tunicate phylogeny: Order-specific sulfation pattern
and the effect of [®4IdoA(2-Sulfate)b-1®3GalNAc(4-Sulfate)b-1®] motifs in dermatan sulfate on heparin cofactor II
activity”, by Kozlowski et al., BMC Biochemistry 2011, 12:29, we found that the legends to Figures 2 to 5 contain
serious mistakes that compromise the comprehension of the work. This correction article contains the correct text
of the legends to Figures 2 to 5.

Correction
After the publication of the work entitled “Dermatan
sulfate in tunicate phylogeny: Order-specific sulfation
pattern and the effect of [®4IdoA(2-Sulfate)b-1®3Gal-
NAc(4-Sulfate)b-1®] motifs in dermatan sulfate on
heparin cofactor II activity”, by Kozlowski et al., BMC
Biochemistry 2011, 12:29 [1], we found that the legends
to Figures 2 to 5 contain serious mistakes that compro-
mise the comprehension of the work. We would like to
correct the legends to these figures as follows:
Figure two: Purification of the dermatan sulfate

(DS) from H. pallida (A and C) and C. intestinalis (B
and D) on a Mono QFPLC column. A and B, the total
polysaccharides extracted from ascidians were applied to
a Mono Q-FPLC column and purified as described
under “Materials and methods”. Fractions were assayed
by metachromasia (open circle), and NaCl concentration
(- -). The fractions under the peaks indicated by

horizontal bracket were pooled, denominated P1.2 and
P1.6 (A) or P0.9, P1.2 and P1.6 (B), dialyzed against dis-
tilled water and lyophilized. C and D, ~15 mg of each
peak from Mono Q-FPLC column were applied to a
0.5% agarose gel and run for 1 h at 100 V in 0.05 M
1,3-diaminopropane/acetate (pH 9.0). The polysacchar-
ides in the gel were fixed with 0.1% N-cetyl-N,N,N-tri-
methylammonium bromide solution. After 12 h, the gel
was dried and stained with 0.1% toluidine blue in acetic
acid/ethanol/water (0.1:5:5, v/v).
Figure three: Agarose and polyacrylamide gel elec-

trophoresis of ascidians and mammalian dermatan
sulfate. A, purified dermatan sulfate (~15 mg) from S.
plicata, H. pallida, H. rotetzi, P. nigra and C. intestinalis
were applied to a 0.5% agarose gel and run for 1 h at
100 V in 0.05 M 1,3-diaminopropane/acetate (pH 9.0).
Glycosaminoglycans were fixed with 0.1% N-cetyl-N,N,
Ntrimethylammonium bromide solution. After 12 h, the
gel was dried and stained with 0.1% toluidine blue in
acetic acid/ethanol/water (0.1:5:5, v/v). To a standard, a
mixture of mammalian glycosaminoglycans containing
10 mg each of chondroitin 4-sulfate (CS), dermatan sul-
fate (DS) and heparin (Hep) were applied in agarose gel.
B, purified dermatan sulfate (~15 mg) from S. plicata,
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H. pallida, H. rotetzi, P. nigra and C. intestinalis were
applied to 6% 1-mm-thick polyacrylamide gel slab in
0.02 M sodium barbital (pH 8.6) and run for 30 min at
100 V. After electrophoresis the gel was stained with
0.1% toluidine blue in 1% acetic acid and then washed
for about 4 h in 1% acetic acid. The molecular mass (M.
W.) markers were high molecular mass dextran sulfate
(S1, ~500 kDa), chondroitin 6-sulfate (S2, ~54 kDa),
chondroitin 4-sulfate (S3, ~36 kDa) and low molecular
mass dextran sulfate (S4, ~8 kDa). Stolidobranchia and
Phlebobranchia are the taxonomic Orders of the
ascidians.
Figure four: Strong anion-exchange HPLC analysis

of the disaccharides formed by chondroitin ABC
lyase digestion of ascidians dermatan sulfate. The dis-
accharides formed by exhaustive action of chondroitin
ABC lyase on dermatan sulfate from H. pallida, H. ror-
etzi and C. intestinalis were applied to a 25-cm × 4.6-
mm Spherisorb-SAX column, linked to an HPLC sys-
tem. The column was eluted with a gradient of NaCl as
described under “Materials and methods”. The eluant
was monitored for UV absorbance at 232 nm. The dis-
accharides of the ascidians DS were identified by com-
paring the elution positions with those of standard
disaccharides: deltaDi-0S, deltaHexUA-GalNAc; deltaDi-
6S, deltaHexUA-GalNAc(6S); deltaDi-4S, deltaHexUA-
GalNAc(4S); deltaDi-2,6S, deltaHexUA(2S)-GalNAc(6S);
deltaDi-2,4S, deltaHexUA(2S)-GalNAc(4S).
Figure five: Direct measurement of the inhibition of

thrombin by heparin cofactor II in the presence of
the different ascidian DSs. A, inhibition of thrombin
activity by HCII in the presence of DSs from H. pallida
(- closed circle/black diamonds -), H. roretzi (- grey cir-
cle -), and C. intestinalis (- open square -). HCII (68
nM) was incubated with thrombin (15 nM) in the pre-
sence of various concentrations of glycans. After 60 sec-
onds, the remaining thrombin or factor Xa activity was
determined with a chromogenic substrate (deltaA405/
min). B, Table showing the values of the percentage of
deltaDi2,4S, the IC50 (mg/ml) for HCII-mediated throm-
bin inhibition and the aPTT of the ascidians DSs. C.
Relationship between IC50 (mg/ml) values for HCII-
mediated thrombin inhibition in the presence of DSs
containing different percentages of deltaDi2,4S units
obtained from the ascidians H. pallida (- closed circle
-), H. roretzi (- grey circle -), H. pyriformis (- open circle
-), S. plicata (- grey squate -), Porcine intestinal mucosa
(PIM) (- close triangle -), C. intestinalis (- closed square
-) and P. nigra (- open square -).
We apologise for any inconvenience that this inaccu-

racy in the figure legends in the article [1] might have
caused.

Author details
1Laboratório de Bioquímica e Biologia Celular de Glicoconjugados, Hospital
Universitário Clementino Fraga Filho and Programa de Glicobiologia,
Instituto de Bioquímica Médica, Universidade Federal do Rio de Janeiro, Rio
de Janeiro, RJ 21941-913, Brasil. 2Department of Anatomy, Cellular Biology,
Physiology and Biophysics, Instituto de Biologia, Universidade Estadual de
Campinas, São Paulo, Brasil. 3Laboratório de Ecologia Animal, Instituto de
Ciências do Mar, Universidade Federal do Ceará, Av. Abolição 3207, Fortaleza,
CE, 60165-081, Brasil. 4Department of Biochemistry, Kobe Pharmaceutical
University, Kobe 658-8558, Japan. 5Glycobiology Unit, Tumor
Microenvironment Program, Cancer Research Center, Sanford-Burnham
Institute for Medical Research, 10901 North Torrey Pines Road, La Jolla,
California 92037, USA. 6Laboratory of Proteoglycan Signaling and
Therapeutics, Hokkaido University Graduate School of Life Science, Frontier
Research Center for Post-Genomic Science and Technology Graduate,
Sapporo 001-0021, Japan.

Received: 8 July 2011 Accepted: 13 July 2011 Published: 13 July 2011

Reference
1. Kozlowski Eliene O, Lima Paula C, Vicente Cristina P, Lotufo Tito,

Bao Xingfeng, Sugahara Kazuyuki, Pavão Mauro SG: Dermatan sulfate in
tunicate phylogeny: Order-specific sulfation pattern and the effect of
[®4IdoA(2-Sulfate)β-1®3GalNAc(4-Sulfate)β-1®] motifs in dermatan
sulfate on heparin cofactor II activity. BMC Biochemistry 2011, 12:29.

doi:10.1186/1471-2091-12-37
Cite this article as: Kozlowski et al.: Correction: Dermatan sulfate in
tunicate phylogeny: Order-specific sulfation pattern and the effect of
[®4IdoA(2-Sulfate)b-1®3GalNAc(4-Sulfate)b-1®] motifs in dermatan
sulfate on heparin cofactor II activity. BMC Biochemistry 2011 12:37.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kozlowski et al. BMC Biochemistry 2011, 12:37
http://www.biomedcentral.com/1471-2091/12/37

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/21619699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21619699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21619699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21619699?dopt=Abstract

	Abstract
	Correction
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


