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Twoo different mutations in the cytoplasmic domain of the 
integrinn (34 subunit in non-lethal forms of epidermolysis bullosa 
preventt interaction of (34 with plectin 

Journall of Investigative Dermatology (2001) 117, 1405-1411 





Chapterr 2 

Twoo differen t mutation s in the cytoplasmi c domai n of th e 
integri nn p4 subuni t in non-letha l form s of epidermolysi s 
bullos aa preven t interactio n of p4 wit h plecti n 

Jann Koster, Ingrtd Kuikman, Maaike Kreft, Arnoud Sonnenberg 

Abstrac t t 
Thee integri n a6(34 play s a crucia l rol e in th e assembl y and maintenanc e of 
hemidesmosomes .. Previou s wor k has show n tha t th e recruitmen t of plecti n int o 
hemidesmosome ss is dependen t on j34 and involve s a regio n of th e p4 cytoplasmi c 
domain ,, whic h contain s th e firs t tw o fibronecti n (FNI I I ) repeat s and a shor t regio n of 
th ee connectin g segment . Two missens e mutation s (R1225H and R1281W) in (54 tha t 
aree responsibl e fo r non-letha l form s of epidermolysi s bullosa , are locate d in th e secon d 
FNI I II repeat . One of the m is confine d to a loo p regio n tha t connect s tw o p strand s 
(EC)) whil e th e othe r is locate d at th e N-termina l end of th e secon d FNI I I repeat . We 
heree repor t tha t thes e mutation s rende r f$4 unabl e to interac tt  wit h plecti n and preven t 
th ee localizatio n of plecti n in hemidesmosomes . Substitutio n of a lysin e residu e 
(K1279W)) tha t form s par t of th e same loo p as R1281 had no effec t on th e abilit y of (J4 
too recrui t plectin . Furthermore , w e sho w tha t an extende d loo p structur e in fi4 , 
compose dd of th e amin o acid s DDN (1262-1264), whic h resemble s th e RGD integrin -
bindin gg loo p in fibronectin , is no t involve d in th e bindin g to plectin . These result s 
furthe rr  demonstrat e tha t bindin g of (54 to plecti n is essentia l fo r th e prope r formatio n 
andd functio n of hemidesmosom e and tha t loss of th e interactio n betwee n p4 and plecti n 
iss  associate d wit h a mil d for m of epidermolysi s bullosa . 

Introductio n n 
Hemidesmosomess are stable adhesion 
complexess that facilitate the linkage between 
thee keratin intermediate filament system and the 
extracellularr matrix in stratified and pseudo-
stratifiedd epithelia (Borradori and Sonnenberg, 
1999).. They consist of at least five components 
off which three are transmembrane spanning 
proteins:: the integrin ot6{34 which serves as a 
receptorr for laminin-5 (Stepp et al., 1990; 
Sonnenbergg etal., 1991; Niessen eta/., 1994), 
thee collagenous bullous pemphigoid antigen 
BP1800 (Giudice era/., 1992) and the tetraspanin 
CD1511 (Sterk etal., 2000). The two cytoplasmic 
constituentss of hemidesmosomes include the 
plakinn family members, plectin (Hieda et aL, 
1992;; Gache et a/., 1996) and the bullous 
pemphigoidd antigen BP230 (Stanley etal., 1981). 
Abnormalitiess in hemidesmosomal components 
orr structures have been associated with tissue 
fragilityy and blistering disorders of the skin, 
demonstratingg the importance of 
hemidesmosomess for the adhesion between the 
dermiss and the epidermis, as well as for tissue 
integrityy (Stanley, 1995; Christiano and Uitto, 

1996).. For example, patients who lack a6 or 
(34,, due to mutations in the genes encoding these 
subunits,, have rudimentary hemidesmosomes or 
completelyy lack these structures (Vidal et al., 
1995;; Niessen et al., 1996; Ruzzi et al., 1997; 
Pulkkinenn et al., 1997). These patients are 
characterizedd by pyloric atresia associated with 
junctionall epidermolysis bullosa (PA-JEB). They 
sufferr from severe blistering of the skin and often 
doo not survive beyond the age of one year. 
Similarly,, a6 and [54 null mice exhibit severe skin 
blisteringg and die perinatally (van der Neut et 
al.,al., 1996; Georges-Labouesse et al., 1996; 
Dowlingg et al., 1996). Most of the mutations 
identifiedd in PA-JEB patients, concern nonsense 
mutationss or mutations at splice sites that result 
inn the early termination of translation of the f$4 
protein.. Missense mutations resulting in the 
substitutionn of a single amino acid have also been 
demonstrated.. Two of these point mutations 
(R1225HH and R1281W) have been disclosed in 
patientss with a non-lethal form of epidermolysis 
bullosaa (EB) (Pulkkinen etal., 1998a; Nakano et 
al,al, 2001). Mutations in the plectin gene are 
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responsiblee for a variant form of EB with a late 
onsett of muscular dystrophy (MD-EBS). They 
havee been associated with a reduced anchorage 
off intermediate filaments to hemidesmosomes 
(McLeann et al., 1996; Smith et al., 1996). As a 
result,, keratinocytes are more fragile and rupture 
easilyy upon application of stress, resulting in a 
splitt through the basal keratinocytes. Mice that 
aree deficient in plectin recapitulate most of the 
featuress of these patients, but die much earlier 
aroundd birth probably because essential 
functionss of plectin are lost in other tissues, e.g. 
thee heart and skeletal muscle (Andra et a/., 
1997). . 
Thee integrin J34 subunit is characterized by an 
unusuallyy long cytoplasmic domain which 
harborss four fibronectin type I I I (FNIII) repeats, 
residingg in two pairs separated by a connecting 
segmentt (Hogervorst et at., 1990; Suzuki and 
Naitoh,, 1990). Previous studies have shown that 
aa fragment of P4 containing the first pair of FNIII 
repeatss and the first 36 amino acids (1320-1355) 
off the connecting segment are crucial for the 
recruitmentt of plectin in hemidesmosomes 
(Niessenn et al., 1997a; Nievers et al., 1998). 
Furthermore,, it was shown that this fragment 
containss a binding site for plectin and that this 
interactionn depends on the presence of the actin 
bindingg domain (ABD) of plectin (Geerts etal., 
1999).. The mutations that have been described 
inn patients with non-lethal forms of EB, localized 
att the same region that we identified to be 
essentiall for the recruitment of plectin in 
hemidesmosomes.. They, therefore, may affect 
thee binding of [34 to plectin. The determination 
off the crystal structure of the first pair of FNIII 
repeatss (de Pereda et at., 1999) allowed us to 
mapp the location of these mutations on the three-
dimensionall structure. It thus became clear that 
thee mutations are present in close proximity of 
eachh other and that they are located on the same 
sidee of the structure. Interestingly, both 
mutationss concern an arginine residue, which is 
consideredd to be strongly basic. The mutations 
aree separated from the extended C-C' loop in 
thee second FNIII repeat consisting of the 
residuess DDN (1262-1264) that in analogy to a 
RGDD loop region in fibronectin has been 
suggestedd to function as a potential protein 
bindingg site. 
Previouss studies have indicated that the R1281W 
mutationn abolishes the binding of fJ4 to plectin 
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(Geertss etal., 1999; Nievers etal, 2000). In this 
study,, we confirm this finding and show that 
thee mutation R1225H has the same effect. The 
mutationn K1279W that is part of the loop 
structuree as is R1281W did not abrogate binding. 
Finally,, we show that the DDN loop plays no 
rolee in the binding of (34 to the ABD of plectin 
andd thus may constitute a binding site for an as 
yett unidentified protein. 

Material ss  and Method s 
Celll  Lines and Antiser a 
Africann green monkey kidney cells (COS-7) were 
maintainedd in DMEM (GIBCO-BRL) supplemented with 
10%% foetal bovine serum (GIBCO-BRL), 100 U/ml. penicillin 
andd 100 (ig/ml streptomycin, in a humidified 5% C02 

atmospheree at . The (J4-deficient PA-JEB keratinocyte 
celll line has been described previously (Schaapveld etal, 
1998).. PA-JEB cells were cultured in keratinocyte serum-
freee medium (SFM; GIBCO-BRL) supplemented with 50 
ng/mll bovine pituitary extract, 5 ng/ml EGF, 100 U/ml 
penicillinn and 100 (ig/ml streptomycin. The mouse mAb 
1211 (Hieda etal, 1992; Okumura etal, 1999) against HD1/ 
plectinn was a kind gift of Dr. K. Owaribe (University of 
Nagoya,, Japan) and the rat mAb 439-9B (Kennel et al., 
1989)) against p4 was obtained from Dr. S.J. Kennel (Oak 
Ridgee Lab., Oak Ridge, TN). Secondary antibodies were 
purchasedd from Rockland (Gilbertsville, PA) (FITC 
conjugatedd goat anti-mouse IgG) and Molecular Probes 
(Eugene,, OR) (Texas-Red conjugated goat anti-rat IgG). 

Constructio nn of expressio n plasmi d of 04 mutant s 
Thee construction of the pRc/CMV-p4 expression vector 
hass been described previously (Niessen et al., 1997b). 
Thee PCR overlap extension method was used to introduce 
mutationss (R1225H, K1279W, R1281W and D1263E) and 
aa three amino acid deletion (ADDN, positions 1262-1264) 
inn the fJ4 cytoplasmic domain. Sense and corresponding 
antisensee oligonucleotides containing the appropriate 
mutationss or deletion were used together with 5' 
(CGTAGAACGTCATCGCTG)) and 3' 

(CCTGCTGAAGCCTGACACTC)) primers. The resulting PCR 
fragmentss of 1.5 kb were digested with Bgli.1 and BssHII 
andd used to replace the corresponding fragment of the 
wild-typee (J4 cDNA in the plasmid pUC-J}4 (Niessen etal., 
1997b).. Subsequently, the full-length p4 cDNAs carrying 
thee various mutations were released by EcoRI digestion 
andd ligated into the eukaryotic expression vector pRc/ 
CMVV (InVitrogen, San Diego, CA). The correctness of all 
constructss was verified by sequencing. 
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Figur ee 1. Crystal structure of the first pair of fibronectin typelll repeats of (54. A: Ribbon diagram showing 
thee amino acids R1225, K1279 and R1281 and the residues D1262, D1263, N1264 of the DDN loop. B: 
Samee as A, with the indicated residues as surface fills. C: Space-filling model, according to surface charge 
distributionn with red representing residues with acidic-, white neutral- and blue basic side chains. D: Same 
ass C, with the residues R1225, K1279 and R1281 being highlighted in blue, red and yellow and the residues 
DDNN (1262-1264) in orange. Images prepared with WebLab using the coordinates from 1qg3. 
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DNAA Transfection s 
PA-JEBB cells were grown to 40% confluency in 12-well 
tissuee culture plates (Falcon; Becton Dickinson, Lincoln 
Park,, NJ). Transient transfections were performed with 
0.88 ug cDNA using Lipofectin (GIBCO-BRL) according to 
thee manufacturer's instructions. Transfection mixtures 
weree replaced by SFM medium after 6 hours and incubated 
inn this medium overnight. Subsequently, the SFM medium 
wass replaced with HAMF12/DMEM (1:3) for an additional 
244 hours after which the cells were assayed for gene 
expression.. COS-7 cells were transiently transfected using 
thee DEAE-dextran method (Cullen, 1987) with 2 ug of 
cDNAA per construct and assayed for gene expression after 
488 hours. 

Immunoblo tt  analysi s 
Lysatess were prepared from transfected COS-7 cells by 
suspendingg the cells in SDS-sample buffer and boiling for 
55 min. Proteins were separated by SDS-PAGE, transferred 
ontoo PVDF membranes (Immobilon-p; Millipore), blocked 
forr 1 hour with 2% baby milk powder in TBST (10 mM 
Tris-HCI,, pH 8.0, 100 mM NaCI, 0.01% Tween-20) and 
probedd with the rat mAb 439-9B. The membrane was 
washedd with TBST and then incubated with horseradish 
peroxidasee conjugated sheep anti-mouse antibody 
(Amershamm Pharmacia Biotech AB, Uppsala, Sweden) for 
11 hour at room temperature. After washing the membrane 
wass subjected to enhanced chemiluminescence 
(Amershamm Pharmacia Biotech) and exposed to film. 

Immunofluorescenc ee Microscop y 
PA-JEBB cells grown on glass coverslips were fixed with 
1%% paraformaldehyde in PBS for 10 min and permeabilized 
withh 0.5% Triton X-100 in PBS for 5 min at room 
temperature.. After rinsing in PBS and blocking with 2% 
BSAA in PBS for 60 min at room temperature, the cells 
weree incubated with primary antibodies for 45 min at room 
temperaturee and then washed three times with PBS. Cells 
weree subsequently incubated with FITC-labeled anti-
mousee IgG and Texas Red-labeled anti-rat IgG for 45 min 
att room temperature. Coverslips were washed 3 times, 
mountedd in Mowiol/DAPCO, overnight and viewed under 
aa Leica confocal scanning laser microscope. 

YeastYeast  Two-hybri d Assay 
Thee GAL4 fusion plasmids used in this study are depicted 
inn Fig. 4. Numbers in superscript correspond to the p4 
aminoo acid residues (according to Niessen et al., 1997a) 
thatt were fused in-frame to the GAL4 activation domain 
(AD).. The p4 fragments (1115-1457) containing different 
mutationss were generated by PCR amplification of the 
correspondingg full length mutant (34A cDNAs using sense 
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andd antisense primers encoding SamHI restriction sites 
att their 5' ends. The amplified fragments were gel-purified, 
digestedd with SamHI, and cloned in the corresponding 
sitee of the yeast GAL4(AD) expression vector pACT2 
(Clontechh Lab.). The construction of the plectin-ABD, fused 
inn frame to the Gal4 DNA-binding domain (BD) of the 
pAS2.11 vector has been described previously (Geerts et 
a/.,, 1999). 

Thee PJ69-4A strain (a kind gift of Dr. P. James, University 
off Winsconsin, Madison, WI), containing the following 
geneticc markers: trpl-901, leu2-3, his3-200, gal4A, gal80A, 
LYS2::GAL1-HIS3,, and GAL2-ADE2 (James et al, 1996) 
wass used as host for all two-hybrid assays presented in 
thiss study. This strain contains 2 tightly regulated selectable 
GAL44 driven reporter genes, His and Ade, allowing sensitive 
detectionn of protein-protein interactions containing GAL4 
fusionn proteins. The Gal4(AD)- and Gal4(DB)-fusion 
plasmidss were cotransformed into PJ69-4A, as described 
previouslyy (Clontech manual; James et al., 1996), and 
equall aliquots of transformed cells were spread out on 
platess containing yeast synthetic complete medium lacking 
leuu and trp (vector markers) (SC-LT) or leu, trp, his and 
adee (vector and interaction markers) (SC-LTHA). Plates 
weree incubated at C and growth of colonies was scored 
afterr 6 and 10 days. The plating efficiencies on -leu,-trp,-
his,-adee plates, as compared with the plating efficiency 
onn -leu,-trp was used as a measure of the strength of the 
signall generated by the two-hybrid interaction. Expression 
off the fusion proteins was analyzed by immunoblotting 
withh antibodies against the Gal-activation or -DNA binding 
domainn (sc-1663 and sc-510, respectively; Santa Cruz 
Biotechnology,, Santa Cruz, CA). 

RESULTS S 
Mappin gg o f p4 mutat ion s on th e 3 
dimensiona ll  structur e of th e secon d FNI I I 
repea tt  reveal s clos e proximit y o f th e 
amin oo acid s 
Inn patients suffering from non-lethal forms of 
epidermolysiss bullosa, two missense mutations 
(R1225HH and R1281W) have been identified in 
thee gene for the integrin pM subunit. Mapping 
off the amino acid substitutions caused by these 
mutationss on the 3D structure of the first pair of 
(344 FNIII repeats revealed that one (R1281W) is 
localizedd in the loop region that connects two p-
strandss (EC), while the other (R1225H) is 
presentt at the N-terminal end of the second FNIII 
repeatt (Fig. 1). Both residues are positioned in 
closee proximity of each other and together with 
K12799 may form a binding sequence of basic 
residuess for a negatively charged protein domain. 
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Figur ee 2. Detection of (34 mutants in lysates of transiently 
transfectedd COS7 cells. Cells transfected with |34R122SH(lane 
1),, (34K1279W (lane 2), p4R1281w (lane 3), p4D1263E (lane 4), 
p44DDNN (|ane 5) a n d Wjid-type p4 (lane 6) were lysed as 
describedd in Materials and Methods. Protein samples were 
separatedd on 6% SDS-PAGE under non-reducing 
conditionss and analyzed by immunoblotting using mAb 
439-9B. . 

Thee basic residues are clearly separated from 
thee hairpin loop that connects the p strands C 
andd C'. This loop, which is composed of the 
residuess DDN (1262-1264), may constitute 
anotherr important binding site, since like the 
RGDD loop in fibronectin, which serves as a 
bindingg site for integrins, it is well exposed (de 
Peredaa eta I., 1999). 

Introduct io nn of R1281W or R1225H 
mutation ss in full-lengt h p*4 cDNA prevent s 
th ee recrui tmen t of plecti n int o 
hemidesmosome s s 
Too investigate the role of the above three 
positivelyy charged amino acids and that of the 
negativelyy charged DDN loop in the assembly of 
hemidesmosomes,, we generated |34 cDNA 
constructss containing the mutations R1225H, 
K1279W,, R1281W, D1263E or ADDN. First, we 
verifiedd that the different (34 mutants were of 
thee correct size by expressing the different 
mutantt P4 constructs in COS-7 cells, followed 
byy immunoblotting with antibodies against p4. 
Ass shown in Fig. 2, all mutant P4 constructs were 
expressedd and the size of the produced 
polypeptidess corresponded to that of wild-type 
P4.. Subsequently, the constructs were 
transfectedd into PA-JEB cells, a cell line obtained 
fromm a patient lacking P4 (Schaapveld et al., 
1998),, and the distribution of each mutant was 
analyzedd by immunofluorescence microscopy. 
PA-JEBB cells do not assemble hemidesmosomes, 
butt their formation is readily induced upon 
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expressionn of wild-type P4. Staining with 
antibodiess against p4 or plectin identified these 
structuress as dots and patches at the cell-
substratee contact sites. Fig. 3 shows that all 
mutantt p4 constructs were present at the cell 
basiss in a pattern that suggests localization in 
hemidesmosomall structures. However, in 
contrastt to wild-type P4, which was colocalized 
withh plectin, in cells expressing the p4 mutants 
carryingg the R1281W or R1225H mutations, the 
stainingg pattern of the plectin molecule was 
diffuse,, as it was in untransfected PA-JEB cells. 
Thee recruitment of plectin by p4 into 
hemidesmosomess was not affected by the 
mutationn K1279W, which occurs in the same loop 
ass R1281W. Similarly, deletion of the DDN loop 
orr the D1263E mutation did not abrogate the 
recruitmentt of plectin by P4 (Fig 3). 

Thee mutation s R1281W or R1225H in p*4 
abolis hh th e interactio n wit h plecti n in 
yeas t t 
Thee finding that wild-type P4 and the p4 mutants 
K1279W,, D1263E and ADDN, but not P4 
(R1281W)) and P4 (R1225H) recruited plectin into 
hemidesmosome-likee structures suggests that 
thee R1281W and R1225H mutations prevent an 
interactionn between p4 and plectin. We sought 
evidencee for this using a two-hybrid assay in 
whichh a positive interaction confers adenine and 
histidinee prototrophy, by allowing the expression 
off the ADE2 and His genes. Gal4-p4 fusion 
constructss containing residues 1115-1457 of 
wild-typee p4 or the various P4 mutants were 
created.. The fusion constructs are stably 
expressedd in yeast and their levels of expression 
aree similar as determined by immunoblotting 
withh antibodies against Gal4 (not shown). 
Ass shown in Fig. 4, wild-type P4 (1115-1457) 
interactss with the ABD of plectin (1-339), as 
measuredd by the growth of yeast on the selective 
plates.. The mutation K1279W in p4 only slightly 
reducedd the interaction between p4 (1115-1457) 
andd the ABD of plectin, whereas deletion of the 
DDNN (1262-1264) amino acids or the D1263E 
mutationn had no detectable effect. The R1225H 
orr R1281W mutations completely abolished the 
interactionn with plectin, consistent with the 
inabilityy of full length P4 containing these 
mutations,, to recruit plectin. All constructs 
showedd an interaction with a fragment 
containingg the C-tail of p4 (1457-1752), an 
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Figur ee 3. Immunofluorescence analysis of plectin recruitment by (34 mutants. p4-deficient PA-JEB keratinocytes were 
transfectedd with cDNA encoding wild-type p4 and various (34 mutants. Cells were fixed, double-immunolabeled and 
processedd for immunofluorescence microscopy using mouse mAb 121 against HD1 and rat mAb 439-9B against [34. 
Compositee imaged were generated by superimposition of the green (HD1/plectin) and red ((34) signals with areas of 
overlapp appearing as yellow. Micrographs with both transfected and untransfected cells are shown. In cells expressing 
wild-typee (34 or the (34 mutants p4K,279W, (34D1263E or p4DDDN, but not p4m28,w or p4R1225H, HD/plectin is colocalized with P4 
inn hemidesmosome-like structures. 
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interactionn which we previously have shown to 
involvee the region 1382-1436 of the connecting 
segmentt (Nievers etal., 1999). 

Discussio n n 
Usingg cell transfection experiments in 
combinationn with yeast two-hybrid assays, we 
demonstratedd that the introduction of either of 
twoo separate point mutations in the second FNIII 
repeatss of the integrin (34 subunit abrogates 
bindingg of the ABD of plectin to (34. These results 
helpp to explain why these mutations found in 
patientss with non-lethal forms of epidermolysis 
bullosaa (EB), result in a mild blistering 
phenotype.. Because of an inability of (34 to 
recruitt plectin into hemidesmosomes, the linkage 
off the intermediate filaments to 
hemidesmosomess is likely to be compromised, 
causingg fragility of the cells and rupturing of the 
celll upon application of stress. Similar 
phenotypess are described in null mutant mice 
forr the plectin gene, in which hemidesmosomes 
appearedd to be unaffected although their 
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mechanicall stability was reduced (Andra et ai, 
1997). . 
Thee data further indicate that an important 
bindingg site for plectin is located in the second 
FNIIII repeat of (34 and that mutations in this 
partt of the molecule may lead to loss of 
recruitmentt of plectin by (34. Although our results 
aree in perfect agreement with findings published 
previouslyy (Niessen etal., 1997a; Geerts etal., 
1999),, they are in apparent contrast to findings 
reportedd by Rezniczek etal., 1998), who showed 
thee presence of a major binding site for (34 in 
plectinn in the region C-terminal of the ABD, using 
inin vitro binding assays. In addition, these authors 
presentedd evidence that there are two binding 
sitess on (34 for plectin, one in the connecting 
segmentt and another in the extreme C-terminal 
partt following the second pair of FNIII repeats 
off (34. We recently could confirm the presence 
off these binding sites in two-hybrid assays 
(Kosterr et al, manuscript in preparation). 
However,, the importance of these sites for the 
recruitmentt of plectin by [34 is uncertain, because 

GaM(BD)) fusion 

Gal4(AD)) fusion 

3 4AA 1115-1457 

j34AA R1281W 

(34AA  R,225H 

(34AA  K1279W 

3 4AA D1263E 

« 4 ^^ A1262-1264 

R1281W W 

R1225H H 

pMM  1457-1752 Plectin (ABD) 

++ + 

Figuree 4. Yeast two-hybrid analysis of a direct interaction between p4 mutants and the ABD of plectin. Cotransformation 
off yeast host strain PJ69-4A with (34 mutants in the pACT2 (AD) vector and plectin ABD or p4»57-i752 i n t n e p/\s2.1 (BD) 
vector.. Transformation mixtures were spread on SC-LT and SC-LTHA plates and grown at . Plating efficiency on 
selectivee SC-LTHA plates is expressed as a percentage of the plating efficiency on non selective SC-LT plates from 
thee same transformation. Plates were scored after 5 and 10 days. All efficiencies listed represent an average of 
multiplee independent transformations. ++, plating efficiency on SC-LTHA is 380% of the plating on SC-LT, colonies are 
fullyy developed on day 5; +, 40-80% of the plating on SC-LT, colonies are small on day 5; - , no colonies on selective 
platess after 10 days of growth. Note, that the interaction between the p4>"5-1«7 mutants (K1279W, D1263E and DDDN) 
andd the plectin-ABD fusion protein, but not between p4'"5-i457 a n d p4i457-i752_ c o u | d a | s o b e e n s n o w n by t r,e growth of 
coloniess on selective plates containing 2 mM 3-amino-1,2,4-triazole (a His antagonist). 

43 3 



despitee the fact that these binding sites are intact 
inn the (34 constructs carrying the R1225H or the 
R1281WW mutation, these |34 mutants were 
unableunable to recruit plectin into hemidesmosomes. 
Nevertheless,, it is possible that once plectin is 
recruitedd by binding of (34 to the plectin-ABD, 
thesee additional plectin binding sites in the 
connectingg segment and the extreme C-tail of 
(344 may help to strengthen the interaction 
betweenn these two molecules. The importance 
off the binding site for plectin in the second FNIII 
repeatt explains the phenotypes in the patients 
withh non-lethal forms of EB (Pulkkinen et al., 
1998b;; Nakano et al, 2001). 
Interestingly,, the mutation K1279W, which 
occurss in the same loop structure as R1281W, 
onlyy slightly affected the interaction between 
plectinn and (34. Because, like K1279, R1281 is 
expressedd on the surface of the second FNIII 
repeatt of |34, it is unlikely that a R1281W 
mutationn abolishes the interaction with plectin 
byy inducing a destabilization of the repeat. 
Ratherr it suggests that the R1281 residue, and 
perhapss also R1225, directly take part in 
interactionn with plectin, possibly by forming a 
saltt bridge with a negatively charged amino acid 
inn the ABD of plectin. Currently, we are testing 
thee effects of different amino acid substitutions 
inn the ABD of plectin on the binding of this 
domainn to [34. 
Althoughh the DDN sequence in the second FNIII 
repeatt of the (34 molecule could well have been 
aa binding site for plectin, we showed in both cell 
transfectionn experiments and yeast-two hybrid 
assayss that this sequence is not involved in the 
bindingg to the ABD of plectin. However, this does 
nott rule out that this sequence could bind to 
anotherr region of the plectin molecule, or even 
too another protein. 
Inn conclusion, we have mapped two mutations 
(R1225HH and R1281W), identified in patients 
withh non-lethal EB, on the 3D structure of the 
secondd FNIII repeat of (34 and have shown that 
thesee mutations are located close to each other. 
Mutationn of these residues in a full length (34 
cDNAA construct leads to an inability of the protein 
too recruit plectin, while three other mutations 
hadd no effect. Studies in yeast indicate that 
R12255 and R1281 are essential for binding 
plectin.. We endeavor to clarify the exact site of 
interactionn on the ABD of plectin in another study 

too fully understand the mechanism of this 
interaction. . 
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