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Abstract

TOPOUZOVA-HRISTOVA, T., S. STOITSOVA, T. PAUNOVA-KRASTEVA, J. DOUMANOV and E. STEPHANOVA,
2013. Changes in the actin cytoskeleton and actin-associated proteins in HeLa cells as a result of E. coli O157:H7 infection.
Bulg. J. Agric. Sci., Supplement 2, 19: 155-158

Escherichia coli strains with the O157 LPS serotype may cause health disorders with variable severity. These bacteria
are extracellular pathogens, which have developed a specific mode to manipulate host cell cytoskeleton by means of a Type
IIT secretion system. On the background of the very well analyzed F-actin rearrangements, little is known about the possible
interference of E. coli O157 adherence with other cytoskeleton-related proteins and events in non-polarized host cells. Here
we describe data indicating alterations of the actin-associated proteins ZO-1 and villin during co-incubation of HeLa cells with
a strain of E. coli O157:H7. Using laser scanning confocal microscopy our data demonstrate unusual cytoskeletal actin rear-
rangement in HeLa cell line comparing to polarized epithelial cells. Additionally, behavior of actin-associated proteins ZO-1
and villin, as well as lack of F-actin patches, suggested a different manner of bacterial pathogenesis in non-polarized epithelial
cells.
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Abbreviations: CM-PBS — phosphate buffered saline with Ca and Mg; FAS — fluorescent-actin staining; LA — localized adhe-
sion; LAL — localized adhesion like; EHEC — enterohaemorrhagic E. coli; FITC — fluorescein isothiocyanate; BSA — bovine
serum albumin, NCIPD — National Center of Infectious and Parasitic Diseases; A/E attaching-effacing

in loci of altered microvilli, known as pedestals (Kaper et
al., 2004). These events are considered as attaching-effacing
lesions (A/E lesions). Pedestals, via the interaction of Tir
with bacterial intimin ensure firm attachment of the bacteria
to host membranes, without penetrating into the host cell.
Despite of predominant model of A/E lesions as main type

Introduction

Escherichia coli strains with the O157 LPS serotype may
cause health disorders with variable severity due to their
specific adaptations to interact with host epithelial cells by
Type 111 secretion system. The bacteria of some well studied

model EHEC strains inject a translocated intimin receptor
(Tir) into the host cells and thus initiate a signaling cascade
in polarized epithelial cells, that results in host cell-actin re-
arrangements and formation of compact patches of F-actin

of the EHEC bacterial-epithelial cells interaction, recently a
variety of adhesion patterns are described (Mora et al., 2009)

On the background of the very well analyzed F-actin
rearrangements in polarized epithelial cells, little is known
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about the possible interference of the E. coli O157 adher-
ence with other cytoskeleton-related structures and events in
non-polarized host cells. The aim of our study was to ana-
lyze changes of the actin cytoskeleton and actin-associated
proteins ZO-1 and villin during co-incubation of HeLa cells
with a strain of E. coli O157:H7.

Materials and Methods

E. coli O157:H- A2CK SS, NCIPD, a Stx-negative strain,
and E. coli O157:H7CCUG 44875, a strain with blocked
capacity to form Stx (Schmidt et al., 1999) and HeLa cells
were grown and co-cultivated as previously was described
(Topouzova-Hristova et al., 2012). After incubation, the
samples were washed three times with CM-PBS, fixed for 1
h in ice-cold fixative containing 2% paraformaldehyde and
2% glutaraldehyde in CM-PBS, washed in the buffered sa-
line and blocked overnight at 4°C in 5% BSA in CM-PBS.
The samples were permeabilised with 0.5% Triton X-100
and single- or double- labeled at 37°C by fluorescent probes
TRITC phaloidin (Sigma); polyclonal rabbit anti-E. coli
0157 and mouse monoclonal anti-villin (1:100) or mouse
anti-ZO1 (1:100) sera (Antibodies Online) followed by 1 h
in anti-mouse IgG-TRITC (1:100) and anti-rabbit IgG-FITC
(NCIPD). The observations were made on Nikon TiU confo-
cal laser scanning microscope and the images were acquired
and processed using EZC1 software.

Results

Using FAS test, our results did not show formation of
typical FAS+ A/E lesions during different periods of co-
cultivation of HeLa cells with both bacterial strains (Figure
1). The actin filaments in control cells displayed a relatively
uniform distribution, forming netlike structure in confluent
monolayer cells (Figure 1A, B). The effect of co-cultivation
with E. coli O157: H- is expressed in lost of the filaments
and cells’ rounding, probably caused by disturbances of cell-
adhesion contacts. The duration of co-cultivation has no ef-
fect on these events (Figure 1C, D). We observed similar al-
terations after co-cultivation with E. coli O157:H7, but with
more extensive loss of HeLa cells after incubation with this
strain (Figure 1E, F).

HeLa are epithelial cells that form confluent monolayer
without polarization (Kazmierczak et al., 2004), but they are
widely used as in vitro laboratory model. Due to the unpolar-
ized state of the cells, the villin signal was found throughout
the cytoplasm. Incubation with E. coli O157:H7 did not af-
fect the signal distribution, while the fluorescence intensity
after co-cultivation seems to be low (Figure 2), probably as

a result of antigen depletion. ZO-1displayed different be-
havior: significant changes in allocation after 3 hours co-
cultivation (Figure 3B), which are restored during 6 hours
incubation (Figure 3C). This observation allows suggesting
the early and reversible influence of epithelial integrity by
EcO157:H7 interaction.

Discussion

Our previous results showed that both studied bacte-
rial strains displayed significant differences in the adhesion

Fig. 1. Actin microfilaments redistribution as a result
of co-cultivation of HeLa cells with EcO157:H- (C u D)
and EcO157:H7 (E u F). Actin microfilaments in control
cells - monolayer (A) and single cells (B). Co-cultivation
with EcO157: H- for 2 hours (C) and 4 hours (D). Co-
cultivation with EcO157:H7 for 3 hours (E) and 6 hours
(F). Bright dots are bacteria. Bar — 5 pm
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pattern to epithelial cells — E. coli O157: H7 established
mainly large groups, typical of LA, while the E. coli O157:
H- forming rather LAL (Topouzova-Hristova et al., 2012).
Generally, the LA is associated with redistribution of host-
cell actin cytoskeleton and formation of compact pedestals
(detectable by FAS+ test), but recently (Abu-Ali et al.,
2010) ascertained significant differences in attachment pat-
terns of various bacterial strains of the same serotype. Tak-
ing into consideration the above fact we focus our study on
redistribution of the actin microfilaments in HeLa cells af-
ter co-cultivation with E. coli O157: H-u E. coli O157:H7.
Although two strains had different impact on the F-actin
allocation, both of them did not form detectable pedestals

at the site of bacterial-epithelial cells interaction. Surpris-
ingly, the response of two actin-binding proteins, ZO-1 and
villin, after bacterial infection was different. While ZO-1
displayed reversible redistribution, villin did not change
location, but its fluorescence intensity was low. In vivo
studies the effect of EHEC infection on intestinal epithe-
lial barrier function, detected reduction of trans-epithelial
resistance, redistribution of transmembrane tight junction
proteins occludin and claudin, but no alterations in position
of ZO-1 5-10 days after infection (Roxas et al., 2010). Our
results reveal an earlier effect of bacterial infection on epi-
thelial actin-binding proteins without formation of typical
A/E lesions.

Fig. 2. Villin distribution was not affected by co-cultivation of HeLa cells with EcO157:H7. A — control cells, B — after
3 hours co-cultivation. Bright dots are bacteria. Bar — S pm

Fig. 3. Rearrangement of ZO-1 after incubation with HeLa cells with EcO157:H7. A — control cells, B — after 3 hours
co-cultivation, C — after 6 hours co-cultivation. Bright dots are bacteria. Bar — 5 pm
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In conclusion, our data demonstrate that both E. coli
O157: H- u E. coli O157:H7 affect actin microfilament dis-
tribution in non-polarized HeLa cells. In addition, E. coli
O157:H7 caused reversible rearrangement of ZO-1, but not
villin.

Acknowledgements
This study was supported by the National Research Fund,
Republic of Bulgaria, Grant DO02-301/08.

References

Abu-Ali, G. S., L. M. Ouellette, S. T. Henderson, T. S. Whittam
and S. D. Manning, 2010. Differences in adherence and viru-
lence gene expression between two outbreak strains of entero-
haemorrhagic Escherichia coli O157:H7. Microbiology, 156:
408-419.

Kaper, J., J. Nataro and H. Mobley, 2004. Pathogenic Escheri-
chia coli. Nature Review Microbiology, 2 (2): 123-40.

Mora, A., M. Blanco, D. Yamamoto, G. Dahbi, J. Blanco, C.
Lopez, M. Alonso, M. Vieira, W. Elias, T. Gomes and J.
Blanco, 2009. HeLa-cell adherence patterns and actin ag-
gregation of enteropathogenic Escherichia coli (EPEC) and
Shiga-toxin-producing E. coli (STEC) strains carrying dif-
ferent eae and tir alleles. Int. Microbiology, 12: 243-251.

Roxas, J., A. Koutsouris, A. Bellmeyer, S. Tesfay, S. Royan,
K. Falzari, A. Harris, H. Cheng, K. J. Rhee and G. Hecht,
2010. Enterohemorrhagic E. coli alters murine intestinal epi-
thelial tight junction protein expression and barrier function
in a Shiga toxin independent manner. Laboratory Investiga-
tion, 90 (8): 1152—1168.

Schmidt, H., M. Bielaszewska and H. Karch, 1999. Transduc-
tion of Escherichia coli isolates with a derivative of a Shiga
toxin 2-encoding bacteriophage ®3538 isolated from Esch-
erichia coli O157:H7. Appl. Environment. Microbiol., 65:
3855-3861.

Topouzova-Hristova, T., S. Stoitsova, T. Paunova-Krusteva
and E. Stephanova, 2012. Interaction of two strains of
Escherichia coli O157 with human epithelial cells. Science
& Technologies, 2 (1): 47-50.




<<
  /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


