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Redox-sensitivity of the dimerization of occludin
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Abstract Occludin is a self-associating transmembrane

tight junction protein affected in oxidative stress. However,

its function is unknown. The cytosolic C-terminal tail

contains a coiled coil-domain forming dimers contributing

to the self-association. Studying the hypothesis that the

self-association is redox-sensitive, we found that the

dimerization of the domain depended on the sulfhydryl

concentration of the environment in low-millimolar range.

Under physiological conditions, monomers and dimers

were detected. Masking the sulfhydryl residues in the

domain prevented the dimerization but affected neither its

helical structure nor cylindric shape. Incubation of cell

extracts containing full-length occludin with sulfhydryl

reagents prevented the dimerization; a cysteine/alanine

exchange mutant also did not show dimer formation. This

demonstrates, for the first time, that disulfide bridge for-

mation of the domain is involved in the occludin

dimerization. It is concluded that the redox-dependent

dimerization of occludin may play a regulatory role in the

tight junction assembly under physiological and patholog-

ical conditions.
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Introduction

Occludin, tricellulin, claudins, and junctional adhesion

molecules are transmembrane proteins of the tight junc-

tions (TJ). Together with membrane-associated zonula

occludens proteins (ZO), the multiprotein assembly regu-

lates the paracellular permeability of endothelia and

epithelia. Little is known about the oligomerization

mechanism of TJ proteins. Defining the organization and

control of the TJ, therefore, is a prerequisite for a better

understanding of the TJ function at the molecular level.

The cytosolic C-terminal tail of occludin contains a

coiled coil(CC)-domain [1], which is able to homodimerize

[2] and to associate with ZO-1 [3]. Disruption of the barrier

properties has been achieved through the transfection of

occludin mutants without the intracellular part [4], sup-

porting the observation that the CC-domain is functionally

relevant for the TJ barrier [5]. ZO-1 may regulate the

function of occludin, since occludin remains diffusely

stained at the surface of fibroblasts lacking ZO-1 [6].

A regulatory role of occludin has been suggested as

phosphorylated occludin is preferentially enriched at the TJ

membrane [7]. Under pathological conditions, such as

oxidative stress, occludin appears as an early and specific

target for reactive species [8]. It is concentrated at cell

contacts in fibroblasts as dots through homophilic oligo-

merization; cotransfection with claudins results in proper

strand formation [9]. However, the regulation of occludin’s

oligomerization is unknown.

Our aim was to test the hypothesis whether the self-

association of the domain, involved in the oligomerization

of occludin [2], is redox-sensitive, as disulfide bonds are

assumed to contribute to the oligomerization [10]. Using a

purified protein segment including the CC-domain and two

cysteines, we are able to demonstrate that the dimerization
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is influenced by the ambient thiol concentration as well as

by a cysteine residue in the segment.

Materials and methods

Cloning of occludin domain, protein preparation

Mouse occludin406–521 cDNA was obtained by RT-PCR,

confirmed by sequencing [11], and recloned into pGEX-

4T1 at the EcoRI and SalI restriction sites (GST; pGEX-

4T1; Amersham) [3]. The vector was transfected into E. coli

BL21(DE3). N-terminal GST-occludin406–521 was extracted

(freezing/thawing, 6 9 15 s sonication) in TBS (20 mM

Tris–HCl, pH 7.4, 150 mM NaCl) and protease inhibitor

cocktail (Sigma) on ice. Nucleic acids were digested (25 U

benzonase). The extract was filtered (0.2 lm), bound on

glutathione-agarose affinity column (Sigma-Aldrich), and

washed. Occludin406–521 was cleaved from GST (100 U

thrombin; 1 ml TBS, 20 h) and eluted with TBS, resulting

in occludin406–521 with additional N-terminal amino acids

from the cloning site (GSPEFGS). Protein was estimated at

280 nm (DU 640; Beckman; e = 18,910 M-1cm-1,

www.expasy.ch). No mercaptoethanol was used in the

buffer during the preparation of samples.

Masking cysteine residues, incubation with thiols

TBS containing 100 mM dithiothreitol (DTT; Roth) was

added to purified occludin406–521 (Occl-Cys). The solution

was covered with N2. Then, 2 ll 4-vinylpyridine/50 lg

protein were added for 30 min at 37�C under N2 (Occl-

Cys-R) [12]. The separation of the product was performed

via HiPrep 26/10 desalting column (Amersham) by HPLC

(LC-10AS pump, SPD-10A UV detector; Shimadzu) using

TBS. For PAGE, the constructs were incubated with 0.2%

SDS (w/v), 10% glycerine (v/v), 33 mM Tris/HCl

pH 6.8, bromophenol blue, and 0.5–100 mM reduced

glutathione (GSH; Sigma) or DTT for 5 min. Before size-

exclusion chromatography, the protein was identified mass

spectrometrically.

Mass spectrometry

Matrix-assisted laser desorption/ionization MS (MALDI-

MS) was performed on MALDI-TOF (Perspective Bio-

systems) [2]. Then 1 ll freshly prepared eluate from

affinity chromatography see above) was mixed with 1 ll of

sinapic acid solution (10 mg matrix dissolved in 1 ml 0.3%

trifluoroacetic acid in acetonitrile-water; 1:1, v/v) and

measured in the linear mode at an acceleration voltage of

25 kV. Finally, 1 ll of the resulting mixture was applied to

the sample plate. Samples were air-dried.

Gel electrophoresis, size-exclusion chromatography

(SEC)

For SDS-PAGE (13% PAG) and immunoblotting [7], pro-

teins were transferred to a polyvinylidendifluoride

membrane (Amersham), blocked in 3% non-fat dried milk,

and incubated with polyclonal rabbit anti-occludin anti-

bodies (against 150 C-terminal amino acids; Zymed,

#71-1500) and HRP (horse radish peroxidase)-conjugated

goat anti-rabbit IgG (Zymed/Invitrogen). HRP was visual-

ized by reagent I and II (1:1; Amersham) and

chemiluminescence (Lumi-Imager F1; Boehringer). SEC

was performed using HPLC (LC-10AS pump, degasser

DGU-14A, SPD-10A UV detector, sampler FRC-10A;

Shimadzu; and Superdex 75 10/300 GL; Amersham) with

TBS or TBS with 20 mM DTT at 22�C. For calibration,

Blue Dextran 2000, 2,000 kDa; bovine serum albumin,

67 kDa; ovalbumin, 43 kDa; chymotrypsinogen A, 25 kDa,

and ribonuclease A, 13,7 kDa (LMW kit/Amersham) were

used as globular markers. Proteins were centrifuged

(20,000g, 4�C, 10 min) and buffers filtered (0.45 lm) before

use; injection volume was 100 ll, flow-rate 0.5 ml/min.

Protein absorption was monitored at 214 and 280 nm.

Light scattering, circular dichroism (CD)

Static and dynamic light scattering were performed

simultaneously (scattering angle, 90�; laboratory-built

apparatus; diode-pumped, continuous wave laser Millennia

IIs; Spectra-Physics; high quantum yield avalanche pho-

todiode) [2]. Translational diffusion coefficients were

obtained using program CONTIN and converted into

Stokes radii (RS) via Stokes–Einstein equation. Molar

masses were estimated from the relative scattering inten-

sities (toluene reference), applying a refractive index

increment of 0.19 ml/g. Proteins were centrifuged (90 min,

50,000g, 22�C) before use. Using CD, ellipticity of the

proteins was measured on J-720 spectropolarimeter (Jasco;

1 mm-quartz cell, 100 mM phosphate buffer pH 7.5,

150 mM NaF, 25�C) [11]. We calculated molar mean

residue ellipticitiy by hmr = W/cdn (W = ellipticity,

c = concentration, d = length, n = amino acids), content

of helical secondary structure by [13].

Generation of fluorescent human occludin

and of the C409A mutant

Human occludin (hOcc) cDNA was subcloned from

pCMV-SPORT6 (clone IRAT p970A0847D6, RZPD—

Deutsches Resourcenzentrum für Genomforschung into the

expression vector pE-YFPC1 (Takara Bio Europe/Clon-

tech) N-terminally encoding yellow fluorescent protein

(YFP). hOcc cDNA was amplified by PCR using the
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primers 50-ACT ATG TCG ACA TGT CAT CCA GGC

CTC CTG-30 and 50-CTA TAC CCG GGC TGT TTT CTG

TCT ATC ATA GTC TCC-30 flanked by XmaI and SalI

recognition sites. After amplification, pE-YFPC1 and hOcc

were digested with XmaI and SalI, electrophoretically

purified in agarose gel and ligated using T4 ligase

(Fermentas). The resulting fusion product YFP-hOcc was

amplified in E. coli DH5a and purified. The cysteine 409 in

YFP-hOcc was then substituted by alanine using site

directed mutagenesis. YFP-hOccl was subjected to multi-

step PCR amplification using two simultaneous runs with

forward 50-TGG CGG CGA GTC CGC TGA TGA GCT

G-30 or reverse primer 50-CTC CAG CTC ATC AGC GGA

CTC GCC G-30. Both reaction products were mixed fol-

lowed by third PCR. Immediately afterwards, a DpnI

digestion (Fermentas) was carried out at 37�C for 3 h

followed by heat inactivation of the enzyme. Thereafter,

the DNA was kept at 4�C for 2 h and electroporated into

E. coli. Colonies were grown and propagated, and the

ligated plasmid was purified (Plasmid Purification Kit;

Quiagen) and verified by automated sequencing.

Electrophoretic separation of full-length occludin

Human embryonic kidney (HEK) 293 cells [2] were

transfected with YFP-hOccl using Lipofectamine 2000

(Invitrogen) following manufacturer’s recommendations.

After 48 h, the expression was assessed by laser scanning

confocal microscopy (LSM) and the cells were scraped into

ice-cold PBS, quickly frozen in liquid N2 and stored at

-86�C. The samples were thawed on ice, centrifuged at

15,000g, 4�C for 5 min and the supernatant discarded; the

pellet was resuspended with occludin extraction buffer (1%

Triton X-100, 25 mM HEPES/NaOH, pH 7.4, 150 mM

NaCl, 4 mM EDTA; protease inhibitor cocktail, Sigma)

and sonicated 2 9 10 mW for 20 s followed by a 10 min

on-ice incubation and 20,000g centrifugation for 15 min at

4�C. The resulting Triton X-100 resistant pellets were

resuspended with 125 mM Tris/HCl, 5% glycerol (pH 7.5)

without (20 min on ice) or with DTT (150 mM, 37�C for

20 min). Similarly, the Triton X-100 soluble fraction was

treated. Afterwards, all samples were diluted with loading

buffer (125 mM Tris/HCl, 20% glycerol, pH 6.8) with or

without 2% SDS, for electrophoretic separation in contin-

uous native and SDS (0.05%) containing polyacrylamide

gels (6%). Electrophoresis was performed at 80 V and 4�C

for 2 h using native (25 mM Tris/HCl, 192 mM glycine) or

conventional (0.1% SDS, 25 mM Tris/HCl, 250 mM gly-

cine) running buffer pH 6.8. The gels were scanned in a

FLA-5000 fluoroimager (Fujifilm) using a 473-nm SHG

laser line powered at 450 V and a Fuji-LPB Y510 filter.

Digitized images were analyzed using software AIDA 3.52

(Raytest) and Image J (NIH).

Results

Figure 1 demonstrates that occludin406–521 forms redox-

sensitive dimers. The apparent molecular weight was

*40 kDa. Monomers appeared at *20 and *15 kDa

(Fig. 1a). The 40 kDa-dimer disappeared at[20 mM GSH

(Fig. 1b, lanes 5, 6) and C10 mM DTT (Fig. 1c, lanes 6, 7),

both in a concentration-dependent manner. Due to the

thiol-dependent dissociation, the 20 kDa-monomer

increased from 1 to 10 mM DTT (Fig. 1c, lanes 5, 6). In

contrast, 0.2–2.0% SDS (Fig. 1b, lanes 3, 4, and c, lanes 2, 3)

and boiling at 95�C for 5 min (Fig. 1c, lanes 1, 4) did not
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Fig. 1 Redox-sensitive dimerization of murine occludin406–521 in

SDS-PAGE. a Immunoblotting of occludin showed monomers at 15

and 20 kDa, dimers at 30 and 40 kDa. b Reduced glutathione (GSH)

diminished the dimer bands (lanes 5–10) concentration-dependently

(Coomassie, 0.2% SDS). c Dithiothreitol (DTT) diminished the dimer

bands (lanes 5–7) concentration-dependently (Coomassie, 2% SDS).

*GST-mOccl406–521 in E. coli lysate, Mw Molecular weight, large
arrowhead dimer, small arrowhead monomer (other bands are

considered misfolded as described in ‘‘Results’’)
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affect the dimerization. In addition to the strong bands at

40 and 20 kDa after Coomassie staining, weak bands were

traced at 15 and 30 kDa (Fig. 1b, c). The faint dimer band

(30 kDa) disappeared at C1 mM DTT (Fig. 1c, lanes 5–7)

and C5 mM GSH (Fig. 1b, lanes 5–8). Inversely, the faint

monomer band (15 kDa) decreased within 1–10 mM GSH

or DTT (Fig. 1b, lanes 7–9, and c, lanes 5–6). The compact

15 kDa-monomer probably contains an intramolecular

disulfide bond (C408–C499) and the 30 kDa-dimer is

probably a parallel arrangement resulting in two disulfide

bonds (C408–C4080, C499–C4990). Both are considered

misfolded because C499 is not accessible as it is embedded

within the interaction between two intramolecular helices

(Fig. 6). On the other hand, degradation products cannot be

ruled out.

In SEC of oclludin406–521, a dimer and monomer peak

were observed and showed similar characteristics as

reported recently [2]. The dimer peaked at an apparent

molecular weight slightly below 43 kDa, and the monomer

did so considerably above 25 kDa. Under oxidative, thiol-

free conditions, similar peak areas were estimated for

monomer and dimer (Fig. 2, black curve). Under reductive

20 mM DTT, less than 10% of the area belonged to the

dimer (Fig. 2, dashed curve).

To verify whether the dimer formation is due to the

sulfhydryl groups of the construct, Occl-Cys, with free

sulfhydryl groups, was compared with Occl-Cys-R where

both sulfhydryl groups were simply masked by 4-vinyl-

pyridine. Occl-Cys and Occl-Cys-R were verified mass

spectrometrically (14,622 g/mol; 14,833 g/mol). The dif-

ference between both numbers meets the molecular mass of

4-vinylpyridine documenting that both cysteines were

masked. In SEC, the dimer and monomer areas of Occl-

Cys were of similar extent. For Occl-Cys-R, however,

*95% of the peak area was monomeric and 5% dimeric.

In SDS–PAGE (inset of Fig. 3), dimer-fractions 1 showed

a strong 40 kDa-band and no monomer bands. In contrast,

the monomer-fractions 3 exhibited no dimer, but a 20-kDa
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residues in murine

occludin406–521 (Occl-Cys-R)

prevented its dimerization

shown with free Occl-Cys, using

size-exclusion chromatography.

Arrows, molecular weight

marker proteins. Inset: In

SDS-PAGE (0.2% SDS, silver

staining), Occl-Cys only

exhibited dimers in Fr.1 and

only monomers in Fr.3.

Occl-Cys-R was mainly found

as monomer in Fr.3.
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large arrowhead dimer,

small arrowhead monomer

(as mentioned in Fig. 1)
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band. Bands of 15 and 30 kDa are considered misfolded as

smaller molecular weights would correspond to intramo-

lecular (C408–C499) and intermolecular (C408–C4080,
C499–C4990) disulfide formation, respectively; however,

C499 is considered inaccessible (Fig. 6).

Blockage of the cysteines did not affect the structure of

the CC-domain as CD spectroscopy almost revealed the

same spectra for Occl-Cys and Occl-Cys-R (Fig. 4). Both

displayed a double minimum (209, 222 nm), which is

typical for a-helical secondary-structure elements in the

domain [11]. The content of helical structure was 80% in

Occl-Cys and 77% in Occl-Cys-R.

Table 1 shows apparent molecular masses and Stokes

radii of the constructs. The experimental molecular mass of

14,800 ± 1,500 g/mol for Occl-Cys-R coincides with the

calculated mass 14,838 g/mol. This provides strong evi-

dence for the monomeric state of Occl-Cys-R. The

apparent molecular mass of 23,100 ± 2,500 g/mol for

Occl-Cys was between the expected values for monomers

and dimers which were demonstrated in solution by means

of SEC (Figs. 2, 3). Taking into account that static light

scattering measures a weight-averaged molecular mass, we

have calculated a ratio of the weight concentrations for

dimers to monomers of 1.44. This is in agreement to the

ratio1.3 which was obtained from SEC (peak size, Fig. 3).

To confirm that the CC-domain also dimerizes within

the full-length protein and in its natural environment, HEK

cells transfected with YFP-hOccl were analyzed by native

(Fig. 5b) and SDS–PAGE (Fig. 5a) using the YFP fluo-

rescence. In cell extracts of non-transfected cells, no bands

were detectable (Fig. 5, lanes 3, 7). High and low molec-

ular weight bands (asterisks) were visible in cells

transfected with YFP-hOccl (lanes 1, 5). The higher band

(**) can be prevented by the addition of DTT (Fig. 5, lanes

2, 6). To prove that, within the CC-domain, the ‘‘freely

accessible’’ Cys409 (for explanation, see Fig. 6) is respon-

sible for the loss of the high molecular weight band (**),

caused by the reducing thiol, we studied YFP-hOccC409A.

In cells transfected with this mutant lacking C409, the

higher molecular band was completely absent; only the low

molecular weight band (*) was exhibited (Fig. 5, lanes 4,

8). Since the molecular weight cannot be determined in

native gels we performed the same experiments in SDS–

PAGE and identified a dominating monomeric (*) and a

dimeric (**) band (Fig 5a, lane 1) at 90 and 180 kDa,

respectively. These bands were not registered when non-

transfected cells were applied (Fig. 5a, lane 3). Under

DTT, the dimer was suppressed (Fig. 5a, lane 2) in the gel

showing the monomer fluorescence only (Fig. 5a, lane 2).

The cysteine mutant were not able to form the dimer, only

allowing the detection of the monomer (Fig. 5a, lane 4).

Discussion

We demonstrate that the homodimerization of the cytosolic

C-terminal sequence of mouse occludin406–521 (mOc-

cl406–521) is redox-sensitive due to a highly conserved

cysteine. This matches earlier studies showing fluorescence

resonance energy transfer between occludin molecules

with intracellular fluorescence tags. The fluorescence was

enriched in the contacts between two transfected cells [2],

i.e., in the TJ area. These data are consistent with the view

that the cytosolic part is involved in occludin’s self-asso-

ciation within the TJ. On the other hand, the crystal

structure of the homologous, but shorter, human occlu-

din416–522 (hOccl416–522) reveals a monomer [14]. This is
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Fig. 4 Circular dichroism of murine occludin406–521 in its sulfhydryl

(Occl-Cys) and sulfhydryl-masked form (Occl-Cys-R) showed the

same helical properties

Table 1 Similar shapes of murine occludin406–521 in its free sulfhydryl (Occl-Cys) and sulfhydryl-masked form (Occl-Cys-R) are shown by

similar ratios of RS: RS,calc

Mapp (g/mol) RS (nm) RS,calc (nm) RS/RS,calc

Occl-Cys (1.16 mg/ml) 23,100 ± 2,500 2.91 ± 0.03 2.27 1.28

Occl-Cys-R (0.75 mg/ml) 14,800 ± 1,500 2.49 ± 0.03 1.92 1.29

Apparent molecular mass (Mapp.) and Stokes radius (RS) were determined by static and dynamic light scattering, respectively

RS,calc. was calculated from the molecular mass assuming a globular molecule

A systematic error in Mapp. of about 10% was taken into consideration because of possible uncertainties in the refractive index increment and

protein concentration
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explained by the fact that hOccl416–522 contains only one

non-accessible cysteine (C500). In contrast, mOccl406–521

encloses two cysteines (C408, C499). Consequently, the

N-terminal C408 is assumed as the binding area. This is

supported by the observation that the N-terminal sequence

(hOccl416–424) of hOccl416–522 is unstructured [14]. Thus,

the assumption is supported that C408 in mOccl406–521 is

flexible and accessible to form disulfide bonds (Fig. 6).

Immunoblotting of the sequence studied (molecular

mass 14,628 g/mol) shows dimers and monomers simul-

taneously. The dimer, apparent relative molecular weight

40 kDa, is assumed as an antiparallel intermolecular

interaction via disulfide bond formation (C408–C4080).
This arrangement results in an elongated size of the dimer

as determined by light scattering and, hence, in molecular

weight shift as seen in SEC. The reducing agents GSH and

DTT, known to abolish disulfide formation, lower the

40 kDa-dimer concentration-dependently (1–10 mM);

conversely, the amount of the 20-kDa monomer increases.

Cytosolic thiol, comprising primarily GSH, has the same

concentration range [15]. Although the cytosol has a

reducing environment [16] that should prohibit the gener-

ation of stable disulfide bridges numerous cytosolic

proteins undergo disulfide bond formation [17]. Thus, the

intracellular GSH level may regulate occludin’s dimeriza-

tion and, as the occludin-sequence studied interacts with

other proteins of the TJ [11], also the TJ assembly. As

monomer and dimer coexist in similar amounts, the olig-

omerization should be sensitive to redox-changes. This

matches the findings that occludin is particularly affected

by oxidative stress [8].

Masking of the thiol groups prevents the dimerization,

but does not influence the helical structure as measured by

CD. The failure of dimer formation due to a blockage of

the sulfhydryl groups confirms the conclusion that the

dimerization occurs via HS-residues. It also means that the

oxidative status controls the dimerization and not the sec-

ondary structure. Thus, changes in the dimerization of

mOccl406–521 which is proposed to form a CC-domain can

be of functional relevance. The structure of the CC-domain

shows surface areas with local charge excess. As charged

patches contribute to the association of the CC-domain

with other TJ-proteins such as ZO-1 [3, 14], one can

speculate that the disulfide-dimerization may modify the

occludin-ZO-1 interaction and, in turn, the TJ-structure.

The detected Stokes radius for Occl-Cys-R (blocked

cysteine residues) of RS = 2.49 nm is quite large for an

apparent mass of 14,800 g/mol. This becomes evident if

one calculates RS for a compactly folded globular protein

[18], yielding 1.92 nm. The experimental RS, which is 29%

larger, is consistent with the elongated structure that can be

expected from the X-ray structure of the CC-domain [14].

This domain is composed of 3 helices including the

C-terminal amino acid residues of occludin up to its

C-terminus, while the N-terminal residues of the CC-domain

are disordered. Based on the light scattering experiments,

the structure is approximated by a cylinder (diameter

1.7 nm, axis length 7 nm).
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Fig. 6 Structural scheme of murine occludin406-521 adapted from the

x-ray structure of human occludin416-522 (http://molvis.sdsc.edu/fgij/

fg.htm?mol=1wpa). C408 is freely accessible, but in contrast, C499 is

shielded in the interface of two helices. In human occludin, the

positions of the cysteines are 409 and 500
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To compute RS for the apparent molecular mass

Mapp. = 23,100 g/mol, obtained for a monomer/dimer

mixture of Occl-Cys, we calculate 2.27 nm. The corre-

sponding experimental RS is by 28% larger. This tells us

that the overall compactness of the dimer is similar or, at

least, only slightly stronger than that of the monomer.

We therefore expect a dimer consisting of two compact

CC-domains joint by a flexible (disulfide bond) linker. It is

interesting to note that we obtain a molecular mass of

29,700 g/mol for Occl-Cys-R if we used the experimen-

tally observed RS of 2.49 nm and the inverse relationship

M = 2505.RS
2.71 [18]. This value of 29,700 g/mol explains

the large apparent molecular weights determined by SEC

primarily measuring the hydrodynamic volume of a

particle.

The redox-sensitive dimerization of the CC-domain can

also be demonstrated with the full-length molecule. Native

and SDS-PAGE of cell extracts containing YFP-occludin

show dimers and monomers. The dimeric bands are not

observed when thiols have been added to the samples.

This strongly underlines that occludin dimerization

depends on intermolecular disulfide bridge formation.

Moreover, the full-length occludin does not dimerize if the

N-terminal cysteine of the CC-domain, assumed to be

freely accessible (Fig. 6), has been substituted by alanine.

This means that C409 of human occludin molecules

(corresponding to murine C408) are directly involved in

the dimerization of occludin in the cell and form inter-

molecular disulfide bonds. Our results are in agreement

with those of others who suggested that occludin oligo-

merization may be mediated via disulfide bridges [10].

Others also found that oxidative stress, such as inflam-

mation, reduces occludin oligomerization [19]. In addition,

our study may explain the failure of oligomer detection in

western blots [7] as the antibodies commercially available

identify the cytosolic C-terminal amino acid sequence

including the CC-domain. In the dimer, the sequence is

partially covered and hence cannot be recognized by the

antibody.

Occludin and GSH are highly sensitive to oxidative

stress. In hypoxia, GSH is reduced [20], and cerebral

endothelial cells down-regulate occludin 20]. The degra-

dation of occludin is intensified in microvessel isolations

after ischemia [8]. Reactive oxygen species diminish

occludin in pigment epithelia TJ [21]. This would mean

that attenuation of cytosolic thiol and, in turn, promotion of

occludin dimers may disturb the integrity and function of

the TJ as found after hypoxic injury [22]. This conclusion

agrees with the notion that occludin is a specific target in

the oxidative impairment of the TJ [8] and that disulfide

bonds are involved in its oligomerization [10]. Taken

together, one can assume that the redox-sensitivity of the

CC-domain of occludin may play a role in the

dysregulation of endothelial and epithelial barriers upon

oxidative load.

Disulfide bridge formation in intracellular proteins often

perturbs their function. Several enzymes are inactivated by

oxidation of sulfhydryl residues in the active center [23].

The generation of disulfide bonds of redox-sensitive pro-

teins can control multiple processes [17]. Our report

demonstrates for the first time that occludin contains an

intracellular redox-sensitive domain. Thus, occludin can be

considered as a TJ-protein of which the dimerization of its

cytosolic CC-domain and, hence, of the whole protein can

be influenced by the redox-status.
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