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Abstract

Autoantibodies from bullous pemphigoid (BP) patients define
a 230-kD protein found in the basement membrane of stratified
squamous epithelia. The purpose of this study was to isolate
and characterize a cDNAclone with coding sequences for BP
antigen. Poly(A+) RNAderived from total RNAof cultured
keratinocytes was used, with oligo-dT priming, to construct a
cDNA library in the Xgtl1 expression vector, which was
screened by the immunoperoxidase method with one BP
serum. One darkly stained clone, called here the BPclone, was
further characterized. 9 of 9 BP sera, but none of 6 normal and
11 pemphigus sera, bound the plaques of this BP clone. Fur-
thermore, BP IgG affinity purified on plaques of this clone, but
not unrelated clones, bound the epidermal basement membrane
by immunofluorescence and immunoprecipitated the 230-kD
BP antigen from extracts of cultured keratinocytes. Eco RI
digestion of the BP clone's cDNA insert demonstrated a 680-
and 1,500-bp fragment. Northern blots of total keratinocyte
RNAshowed that complementary riboprobes transcribed from
both fragments hybridized to a 9-kb RNA. Dideoxy DNAse-
quencing from the 5' end of the BP cDNA demonstrated a
1,992-bp open reading frame, encoding a peptide of 76 kD.
This BP cDNA clone will be valuable for understanding
the protein structure, expression, and gene organization of BP
antigen.

Introduction

Bullous pemphigoid (BP)' is an autoimmune blistering disease
in which autoantibodies bind the epidermal basement mem-
brane zone (BMZ) and, probably as a result of this binding,
subepidermal blisters develop (1, 2). These autoantibodies are
found in the BMZof the patients' skin and in their sera. By
indirect immunofluorescence these BP autoantibodies bind
the BMZof normal stratified squamous epithelia, not only in
human tissue but in the tissue of most vertebrates (3). Thus,
these autoantibodies define a molecule found in the normal
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BMZ of stratified squamous epithelia, such as skin and
mucous membranes.

Recent immunoelectron microscopic studies have demon-
strated that BP autoantibodies bind to both the extracellular
and intracellular parts of the hemidesmosomes of the basal
keratinocytes (4-6). Because BP antigen is only found asso-
ciated with basal keratinocytes, it is a useful marker for this
relatively undifferentiated basal cell (7). In addition, basal
cells, but not more differentiated keratinocytes, synthesize BP
antigen (8).

With the above data in mind, characterization of BP anti-
gen would be useful in furthering our understanding of several
aspects of skin and mucous membrane biology, such as: (a) the
normal BMZof stratified squamous epithelia; (b) the structure
and function of normal hemidesmosomes; (c) the regulation of
synthesis of differentiation molecules in the epidermis; and (d)
the pathophysiology not only of BP, but also, perhaps, of cer-
tain hereditary diseases such as junctional epidermolysis bul-
losa, in which blisters occur in the BMZof stratified squamous
epithelia and there are abnormalities of the hemidesmo-
somes (9).

Thus far characterization of BP antigen has been carried
out mostly by immunochemical means. Recent studies have
shown that although there may be some heterogeneity of the
BP antigen, autoantibodies from almost all patients bind an

- 230-kD protein as determined either by immunoprecipita-
tion of extracts of cultured keratinocytes or by immunoblot-
ting of extracts of normal human epidermis (10-13). For ex-
ample, in our laboratory sera from 26 of 27 BP patients im-
munoprecipitate a 230-kD polypeptide from extracts of
cultured keratinocytes, whereas none of 59 diseased and nor-
mal sera controls bind this molecule (12). This finding was
confirmed by another laboratory (5). The specificity of these
immunochemical studies have established this 230-kD protein
as the major BP antigen.

Another useful approach to further characterize BPantigen
and to elucidate its amino acid sequence, protein structure,
control of its expression, and the organization of its gene
would be by molecular biologic techniques. A useful first step
in this direction would be the isolation of a cDNAfragment or
probe that contains coding sequences for BP antigen. The
purpose of this study was to isolate and characterize such a
cDNAclone using sera from BP patients.

Methods

Sera. One BP serum that gave a particularly clean immunoprecipita-
tion and immunoblotting of the 230-kD BP antigen was originally
used to screen the cDNAexpression library. Because human sera con-

tain antibodies to keratins ( 14), this serum was preabsorbed with kera-
tin extracted from cultured ME180 cells as follows. Twelve 150-mm
culture dishes of confluent cells were extracted with 12 ml of 0.6 M
KCI, 0.1 MEDTA, 1% Triton X- 100 in Dulbecco's Ca- and Mg-free
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PBS with 1 mMPMSF. The pellet from centrifugation at 15,000 rpm
in an SS34 rotor (DuPont Instruments-Sorvall Biomedical Div., Wil-
mington, DE) was washed with PBS then solubilized with 4 ml of 8-M
urea and 1 M2-mercaptoethanol in 50 mMTris-HCl, pH 9.0. The
supernatant, after centrifugation at 2,000 rpm, was dialyzed against
0. 15 MNaCl in 10 mMTris-HCI, pH 7.4, which resulted in precipita-
tion of keratins. The keratin pellet was collected by centrifugation at
100,000 g for 30 min. 1.5 ml of the BPserum was absorbed three times
with - 5 mg(each absorption) of keratin at room temperature for 1 h.
Indirect immunofluorescence on monkey esophagus indicated no dif-
ference in the anti-BMZ titer of the serum before and after absorption.

As specificity controls for the staining of the putative BP fusion
protein we used an additional eight BP sera, each of which was known
to immunoprecipitate the 230-kD BPantigen, and as negative controls
we used sera from seven patients with pemphigus vulgaris, four pa-
tients with pemphigus foliaceus, and six normal individuals. These BP
and control sera were not preabsorbed with keratin.

Humankeratinocyte cell culture. Keratinocytes from neonatal fore-
skin were cultured on irradiated 3T3 cells as previously reported (15)
and used in the first passage. Cells grown under these conditions have
been shown to synthesize BP antigen (15).

Construction of Xgtl]l library. In order to find a cDNAclone with
coding sequences for BP antigen, we constructed a cDNAexpression
library in Xgt 1 I as originally described by Young and Davis (16). Total
RNAwas extracted from each of eight 150-mm dishes ofjust confluent
human keratinocytes with 5 ml of 4-M guanidine isothiocyanate, 0.5%
sodium lauroyl sarcosine, 0.1 M2-mercaptoethanol in 25 mMsodium
citrate buffer, pH 7. The extracted RNAwas pelleted through a 5.7-M
CsC12 cushion (17) in an SW41 rotor (Beckman Instruments, Inc.,
Palo Alto, CA) at 30,000 rpm for 24 h. The resultant RNApellet was
solubilized in autoclaved, 0.1% diethyl pyrocarbonate-treated deion-
ized water (H20 [dep]), ethanol-precipitated ( 18), then redissolved in
H20 (dep). The yield of RNAwas - 0.73 mg/150-mm dish of cells.
Poly(A+) RNAwas isolated from total RNAby oligo-dT-cellulose
(Pharmacia Fine Chemicals, Piscataway, NJ) chromatography (18).
The yield of poly(A+) RNAwas - 1.3% of total RNA.

The quality of the keratinocyte poly(A+) RNAwas tested by in
vitro translation with a rabbit reticulocyte lysate kit (DuPont New
England Nuclear, Wilmington, DE). When compared with the same
amount of control yeast mRNA(as judged by OD260 determination
and adjusted for the fact that the control yeast RNAcontained one-half
tRNA), the keratinocyte poly(A+) RNAdirected > 20% more [35S]-
methionine incorporation into TCA-precipitable protein. In addition,
SDS-PAGE separation of the translated protein products demon-
strated well-defined bands up to - 200 kD.

10 ,ug of the keratinocyte poly(A+) RNAwas used to construct a
cDNA Xgtl 1 library at Clontech Laboratories (Palo Alto, CA) as fol-
lows: (a) cDNAwas made with an oligo-dT primer by the method of
Gubler and Hoffman (19); (b) internal Eco RI sites were methylated;
(c) Eco RI linkers were ligated to cDNA; (d) cDNAwas fractionated to
> 500 bp on Sepharose 4B; and (e) cDNAwas cloned into the Xgtl 1
Eco RI site. Average cDNA insert size in the library was about 1 kb
(range 0.5-3.8 kb). Further characterization of this library is discussed
in Results.

Screening of Xgtl l expression library. Screening of the expression
library for clones expressing fusion proteins that bound BP sera was
done as described (20) with the following modifications. Y1090 Esche-
richia coli (E. coli) were grown overnight in 50 ml Luria-Bertami
medium (LB) with 0.2% maltose, 10 mMMgSO4, and 100 ,g/ml
ampicillin. The cells were suspended in 20 ml 10 mMMgSO4and
stored at 4°C for up to 1 wk. 100,ul of phage diluted in 0.1 MNaCl, 10
mMMgSO4, 0.0 1%gelatin in 50 mMTris-HCl, pH 7.5 (TMG), 100 Il
of Y1090 cells, and 100 ,d of TMGwere incubated for 20 min at 37°C.
This mixture was then plated in 7.5 ml top agarose containing 10 mM
MgSO4on 150-mm LB-agar plates (also containing 10 mMMgSO4).
As described (20), nitrocellulose filters saturated with isopropyl f3-
thiogalactopyranoside (IPTG) were incubated on phage plaques over-

night to induce synthesis of fusion protein. These nitrocellulose filters

were then used for immunoperoxidase staining with serum to localize
plaques that produce fusion proteins that bind particular sera (11).
Sera were diluted 1:100 in 3%BSAin 0.15 MNaCl, 0.5% NP-40 in 10
mMTris-HCI, pH 7.4. The diluted sera were absorbed twice with 1/50
their volume of E. coli lysate (Bio-Rad Laboratories, Richmond, CA).

Affinity purification of antibodies on Xgtl I plaque protein. To ob-
tain the affinity-purified BP IgG that bound protein produced by the
purified BP Xgtl 1 clone, we plated the isolated clone at a density (just
short of confluence) of 1,000-4,000 plaques/ I 50-mm plate. Fusion
protein synthesis was induced as described above, with IPTG-saturated
nitrocellulose filters. These filters were then treated as for immunoper-
oxidase staining, but after incubation of the BPserum (diluted 1:100 in
3% BSA in 0.5 MNaCl, 1% NP-40, 0.5% sodium deoxycholate in 10
mMTris-HCl, pH 7.4 [WB2]), the filters, in 150-mm culture dishes,
were washed five times with WB2then twice briefly with H20. The
bound antibodies were eluted twice with 10 ml of a 370C solution of 50
mMglycine and 500 mMNaCl, pH 2.3, for 15 min each on a rocking
platform. The eluates were immediately neutralized with 1/10 vol of
500 mMNa2PO4. The eluted, neutralized antibodies were dialyzed
against PBS at 4°C, then concentrated on a PM-10 filter (Amicon
Corp., Danvers, MA) followed by a Centricon 30 (Amicon Corp.) to a
final volume of - 60-100 ,ul.

Restriction enzyme analysis of the XgtlJ cDNA insert. A liquid
lysate of the BP Xgtl 1 clone was prepared in Y1088 cells. Phage DNA
was isolated by a rapid lambda DNAextraction technique (21). In
brief, cellular DNA, RNA, and some protein were removed from the
lysate with DE52 cellulose (Whatman Laboratory Products, Inc.,
Hillsboro, OR) in LB broth. The phage protein and excess cellular
proteins were then extracted with phenol/chloroform, leaving the
phage DNAin the aqueous phase. After repeat extraction with chloro-
form, and ethanol precipitation, the phage DNAwas digested with
various restriction enzymes according to the manufacturer's directions
(Bethesda Research Laboratories, Gaithersburg, MD). 5% polyacryl-
amide and 0.8% agarose gels were used to identify digested fragments
(18). A DNA1-kb ladder (Bethesda Research Laboratories) was used as
a standard.

RNAslot blots and Northern blots. For slot blots - 7 ,g of keratin-
ocyte total RNAin 5 M formaldehyde/7.5X standard saline citrate
(SSC) (20X SSC = 3 MNaCl, 0.3 MNa3 citrate, pH 7) was added per
slot (Schleicher & Schuell, Inc., Keene, NH) over nitrocellulose paper.
For Northerns, 35 gg of keratinocyte total RNA/lane was electropho-
resed in formaldehyde/agarose gels, then blotted to nitrocellulose (I18).
An RNAladder (Bethesda Research Laboratories) was used as a stan-
dard. RNAon nitrocellulose filters was prehybridized at 42°C with
50% formamide, SX SSC, 2.5X Denhardt's solution, 0.1% SDS, 0.5
mg/ml yeast tRNA in 20 mMsodium phosphate buffer, pH 7 (hybrid-
ization buffer). 32P-riboprobes for hybridization were prepared using
either the T7 or SP6 promoter of the pGEM3vector (Promega Biotech,
Madison, WI), into which the Eco RI fragments of the cDNAfrom the
BP Xgtl 1 clone were subcloned. About 4 X 107 dpm of each riboprobe
in hybridization buffer were incubated at 55°C overnight on each slot
blot or Northern strip. Nitrocellulose filters were then washed four
times with 2X SSC and 0.1% SDS at room temperature, then twice
with 0.1 X SSCand 0. 1%SDSat 68°C. Filters were additionally treated
with RNase A (Boehringer Mannheim Biochemicals, Indianapolis,
IN), 300 ug/ml, and RNase T. (Boehringer-Mannheim Biochemicals)
3 ,g/ml in 2X SSCat 37°C for 30 min to digest single-stranded RNA,
and washed once with 0.1 X SSC, 0.1% SDS at 68°C. Filters were
exposed to Kodak X-Omat AR film on an intensifying screen.

DNA sequencing. Double-stranded DNA inserts in pGEM3were
sequenced using the dideoxy chain termination method with a Gem-
Seq K/RT kit according to the manufacturer's instructions (Promega
Biotech). The cDNAwas sequenced from both ends by use of the T7
and SP6 promoter primers and subsequently by synthetic 1 7-mer oli-
gonucleotides made to previously sequenced regions. AMVreverse
transcriptase as well as Klenow DNApolymerase was used. [35S]-
dATP-labeled DNA(Dupont NewEngland Nuclear) was electropho-
resed in 6 and 8% polyacrylamide-urea gels.
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Results

General characteristics of the XgtJJ cDNA library. Poly(A+)
RNAisolated from cultured human keratinocytes, known to
express the 230-kD BP antigen (10), was used to construct
cDNA that was cloned into the Eco RI site of the Xgtl 1 ex-
pression vector (16). The poly(A+) RNAwas primed with
oligo-dT, thereby biasing the library to the 3' end of the RNA
(or to the C-terminal end of the corresponding protein). These
cloned cDNAs should reflect sequences of the keratinocyte
mRNAs, including the BP antigen. To determine the number
of independent cDNA recombinants in the library, we titered
the unamplified library on X-gal agar plates, on which nonre-
combinant phages are blue and recombinant phages are white.
The library contained 70% recombinants for a total of 2.7
X I07 independent recombinants. As discussed in Methods,
the average insert size was determined to be 1 kb (range 0.5-
3.8 kb).

Because cDNAs containing coding sequences for keratins,
the major proteins of keratinocytes, should be relatively abun-
dant, we first tested the ability of this library to produce pro-
teins immunoreactive with antibodies to keratin. Weused an-
tibodies raised to, and affinity-purified with, the COOH-termi-
nal end of K14 (22). We screened one 150-mm plate of

- 10,000 plaques with this anti-K14 antibody. At least 18
plaques stained clearly positive, suggesting the production of
many fusion proteins with K14 sequences. One of these clones
was further characterized and confirmed to be a keratin clone
(data not shown). These results suggest that coding sequences
for abundant proteins are easily detectable in our library. Since
1 X 106 clones can practically be screened by this method, even
proteins expressed at 1/100 to 1/1,000 the level of K14 should
be detectable. Therefore, we used this library to try to find a
clone containing a cDNAwith coding sequences for BP anti-
gen, which is presumably expressed at much lower levels
than K14.

Identification of a XgtJ I cDNA clone with coding sequences
for BP antigen. Plaques from another 30,000 clones in the
library were screened by the immunoperoxidase technique
with one particular BPserum. This serum stained three clones.
Only the darkest staining clone, called here the BP clone, was

BP 895

PV 86

further characterized. To determine whether the protein pro-
duced by this putative BP clone specifically bound antibodies
in BP sera, we partially purified the clone so that the immuno-
peroxidase staining of this clone with many different sera
could be compared with the background (nonspecific) staining
of other clones. Of 9 BP sera, all specifically stained the
plaques of this IPTG-induced clone, whereas 6 normal sera
and 11 pemphigus disease control sera did not (Fig. 1). These
results suggest that this BPclone encodes a major antigenic site
of the BP antigen.

To further confirm that the antibodies binding to the prod-
ucts of this clone were typical BP antibodies in that they were
capable of binding to the epidermal BMZand they could im-
munoprecipitate the BP antigen, we affinity-purified the IgG
that bound the purified BP clone. The BP clone was recloned
until it was pure and then incubated with the BP serum. After
extensive washing, bound BP IgG was eluted with acid glycine
(Fig. 2 A). This affinity-purified IgG was shown by immuno-
fluorescence to bind the BMZof epidermis (Fig. 2 B). In addi-
tion, the affinity-purified IgG immunoprecipitated the 230-kD
BPantigen extracted from metabolically radiolabeled cultured
keratinocytes (Fig. 2 C). These results confirm that the cDNA
insert of the BP Xgt 11 clone contains coding sequences for a
major antigenic site of BP antigen.

Eco RI digestion of the Xgtl 1 BP clone revealed a cDNA
insert of two fragments of - 680 and 1,500 bp, as determined
by polyacrylamide and agarose gel electrophoresis.

Northern analysis of keratinocyte RNAfor BP mRNA. To
determine the direction of transcription to make antisense
riboprobes and to determine the 5' end (in relation to sense
mRNAtranscription) of the 680- and 1,500-bp Eco RI frag-
ments, we subcloned them into the pGEM3vector. Two
clones were found in which the 1,500-bp fragment was in op-
posite orientation (BPl 500A, BPl 500B), as determined by re-
striction enzyme analysis. 32P-riboprobes from each were
made with the T7 promoter. Slot blots on keratinocyte total
RNAindicated that the BPl 500B clone produced an antisense
(complementary) probe to the BP mRNA(Fig. 3). 32P-ribo-
probes were made in both directions from the 680-bp fragment
by using the T7 and SP6 promoter. Transcription from the

....... ......... ..
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Figure 1. Immunoperoxidase staining of
plaques of the partially purified Xgtl 1 BP
clone on nitrocellulose filters demonstrates
specific staining with BP sera. Note the dark
staining of the BP clone plaques compared
with the faint nonspecific staining of the
background plaques. The normal human (N)
and pemphigus vulgaris (PV) control sera do
not stain the BP clone plaques.
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Figure 2. BP IgG affinity-purified
on plaques of the Xgtl 1 BP clone
stains the epidermal BMZby im-
munofluorescence and immuno-
precipitates the 230-kD BP anti-
gen. (A) Immunoperoxidase stain-
ing of plaques of the purified BP
clone on a nitrocellulose filter.
The filter was incubated with BP
serum then washed. A small piece
of the top of the filter (before elu-
tion) was cut off and stained. The
bound BP IgG on the rest of the
filter (after elution) was eluted
with acid glycine, then similarly
stained. Much of the affinity-puri-
fied IgG was eluted, accounting
for the less intense staining after
elution. (B) Indirect immunofluo-
rescence on normal skin with the
BP IgG affinity-purified on the
plaques of the BP clone shows
staining of the epidermal BMZ
(top). IgG from the same BP
serum similarly eluted from
plaques of control Xgt l clones
did not demonstrate this staining
(bottom). (C) SDS-PAGEof im-
munoprecipitations of "'C-amino
acid-labeled proteins extracted
from cultured keratinocytes dem-
onstrates the 230-kD BP antigen
(arrow) precipitated by BP serum
(lane 1) and by BP IgG affinity
purified on plaques of the BP
clone (lane 3), but not by normal
human serum (lane 2) or IgG af-
finity purified from BP serum on
plaques of control clones (lane 4).
Migration of molecular weight
standards in kD is indicated on
the right.
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Figure 3. RNAslot blot of total keratinocyte RNAwith 32P-ribo-

probes made by transcription of the 680- and 1,500-bp Eco RI frag-

ments of the cDNA insert in the BP clone. The fragments were sub-

cloned into the pGEM3plasmid. The 1,500-bp fragment was found

in opposite orientations in two different subclones (BPI500A and

BPI 500B). The riboprobes made with the T7 promoter of the

BPI 500B subclone and with the SP6 promoter of the BP680 sub-

clone were complementary to the keratinocyte RNA.

SP6 promoter produced the complementary probe (Fig. 3).

Conversely, we could determine from these studies that the 5'

ends of the 1,500- and 680-bp fragments were adjacent to the

T7 promoter in BP1 500A and BP680, respectively.
The complementary riboprobes were then used to perform

Northern analysis on keratinocyte total RNA. The probe made

from the 1,500-bp fragment identified - 9-kb RNA(Fig. 4 A).

To confirm that both the 680- and 1,500-bp Eco RI fragments

in the Xgtl 1 BP clone came from the same original mRNA

(rather than coming from two different mRNAsand being

cloned in tandem into the Eco RI cloning site), we performed
Northern blotting with probes from both fragments. This ex-

periment demonstrated that both probes hybridized to the

9-kb RNAas expected (Fig. 4 B). The size of this putative BP

mRNAis easily large enough to encode for a 230-kD protein.
Orientation of the BP cDNA in Xgtl . Slot blots, as dis-

cussed above, were used to determine the 5' ends, in relation to

sense mRNAtranscription, of the 1,500- and 680-bp BP

cDNA Eco RI fragments. Restriction enzyme analysis with

Xba I of these fragments in plasmid vector (pGEM; Promega

Biotec, Madison, WI) revealed that there were Xba I sites on

the 5' end of the 1,500-bp fragment but no sites in the 680-bp

fragment (Fig. 5). DNAsequencing of both fragments con-

firmed these findings. An Xba I, Kpn I double digest of the

Xgt 1 BP clone revealed that the cDNA insert was oriented so

that its direction of transcription (5' end) was opposite to that

of the lac Z gene (Fig. 5). This direction of orientation has been

previously reported for cDNAs cloned by antibody screening

of Xgtl 1 (23, 24).
Since, presumably, the peptide encoded for by the cDNA

in this orientation is promoted by a late lambda, rather than

the lac Z, promoter (23), its synthesis should not be inducible

by IPTG. Indeed, this is what we found: the protein produced
by plaques from this BP clone was stained by BP serum

whether or not the nitrocellulose filter overlay was impreg-

nated with IPTG (data not shown). In addition, using a Y1089

lysogen (20) we were unable to induce a f3-galactosidase fusion

protein with the BP clone. A nonrecombinant lysogen was

induced to synthesize j3-galactosidase as detected by SDS-

PAGEwith Coomassie Blue staining and Western blotting,

but the BP clone lysogen did not demonstrate a fusion protein

by either of these techniques.
DNA sequencing of the BP cDNA coding region. We se-

quenced the BP cDNA from its 5' end by the dideoxy chain

termination method. In addition, the sequence of> 90%of the

cDNAwas confirmed by sequencing from the opposite direc-

tion. In one of three frames we found a long 1992-bp open

75
28S
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Figure 4. Northern blots of total keratinocyte RNAdemonstrate that

complementary riboprobes transcribed from the 680- and 1,500-bp
Eco RI fragments from the BPcDNAhybridize to a 9-kb RNA. A ri-

boprobe complementary to the K14 mRNAwas used as a control

(HK14). (A) Riboprobe from the 1,500-bp fragment hybridizes to a

9-kb RNAas determined by an RNAmolecular weight ladder, the

migration of which is shown on the right. (B) Probes from both the

680- and 1,500-bp Eco RI fragments hybridize to comigrating 9-kb

RNA.

reading frame (ORF), whereas the other two frames showed
multiple stop codons. The deduced amino acid sequence of the

long ORFis shown in Fig. 6. The base sequence of the DNA

containing this long ORFdid not have homology to known

sequences, as determined by a computer search for homology

with the primate, rodent, other mammals, other vertebrates,
and viral or unannotated DNAsequences stored in GenBank.
In addition, the amino acid sequence of the deduced peptide
did not show striking homology with any sequences in the

National Biomedical Research Foundation protein bank. The

best homology was only 18%, 74 of 410 residues, with myosin
alpha heavy chain from rabbit cardiac muscle.

EcoRI *W.--1 * EOORI OO EcoRI

Xbl XMaI XhmI

1971 331 1 2N _
Figure 5. Scheme of the
cDNA insert in the
Xgt 1 BP clone. The
arrows indicate the di-
rection of transcription
of the lac Z and the
cDNA. The restriction
sites shown were used
to orient the cDNA
within gtl 1.
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GAATTACACTTAAAGACCATAGAGGAGCAGATGACCCACAGAAAGATGGTTCTGTTTCAGGAAGAATCTGGTAAATTCAAACAATCAGCAGAGGAG
GluLouHlsLeuLysThrIleGluGluGInMotThrHlsArgLysMetValLeuPhoGlnGluGluSerGlyLysPheLysGlnSorAloGluGlu
TTTCGGAAGAAGATGGAAAAATTAATGGAGTCCAAAGTCATCACTGAAAATGATATTTCAGGCATTAGGCTTGACTTTGTGTCTCTTCAACAAGAA
PheArgLysLyaMetGluLysLeuMetGluSerLysValIleThrGluAmnAspIleSerGlylleArgLouAspPheValSorLeuGlnGinGlu
AACTCTAGAGCCCAAGAAAATGCTAAGCTTTGTGAAACAAACATTAAAGAACTTGAAAGACAGCTTCAACAGTATCGTGAACAAATGCAGCAAGGG
AinSerArgAlaGlnGluAsnAlaLysLouCyaGluThrAsnIleLysGluLeuGluArgGlnLeuGinGInTyrArgGluGinMotGlnGinGly
CAGCACATGGAAGCAAATCATTACCAAAAATGTCAGAAACTTGAGGATGAGCTGATAGCCCAGAAGCGTGAGGTTGAAAACCTGAAGCAAAAAATG
GInHiaMetGluAlaAsnHlsTyrGlnLyaCyuGlnLysLouGluAspGluLouIleAlaGlnLysArgGluValGluAsnLouLysGlnLysMet
GACCAACAGATCAAAGAGCATGAACATCAATTAGTTTTGCTCCAGTGTGAAATTCAAAAAAAGAGCACAGCCAAAGACTGTACCTTCAAACCAGAT
AspGlnGlnIteLysGluHlsGluHlGlnLeuValLouLeuGlnCysGluIleGInLysLysSerThrAlaLysAspCy:ThrPh.LysProAsp
TTTGAGATGACAGTGAAGGAGTGCCAGCACTCTGGAGAGCTGTCCTCTAGAAACACTGGACACCTTCACCCAACACCCAGATCCCCTCTGTTGAGA
PheGluMetThrValLvsGluCysGlnHlsSerGlyGluLeuSerSerArgAsnThrGlyHlsLeuHlsProThrProArgsorProLouLsuArg
TGGACTCAAGAACCACAGCCATTGGAAGAGAAGTGGCAGCATCGGGTTGTTGAACAGATACCCAAAGAAGTCCAATTCCAGCCACCAGGGGCTCCA
TrpThrGlnGluProGlnProLeuGluGluLysTrpGlnHlsArgValValGluGlnIlProLysGluValolnPhoGlnProProGlyAlaPro
CTCGAGAAAGAGAAAAGCCAGCAGTGTTACTCTGAGTACTTTTCTCAGACAAGCACCGAGTTACAGATAACTTTTGATGAGACAAACCCCATTACA
LeuGluLymGluLysSerGlnGlnCysTyrSerGluTyrPheSerGlnThrSerThrGluLouGlnlleThrPh.AspGluThrAsnProIleThr
AGACTGTCTGAAATTGAGAAGATAAGAGACCAAGCCCTGAACAATTCTAGACCACCTGTTAGGTATCAAGATAACGCATGTGAAATGGAACTGGTG
ArgLouSerGluIleGluLyslleArgAspGlnAlaLeuAsnAmnSorArgProProValArgTyrGlnAspAsnAlaCyaGluM.tGluLeuVaI
AAGGTTTTGACACCCTTAGAGATAGCTAAGAACAAGCAGTATGATATGCATACAGAAGTCACAACATTAAAACAAGAAAAGAACCCAGTTCCCAGT
LysValLouThrProLeuGluIleAlaLysAmnLyaGlnTyrAspMetHlsThrGluValThrThrLeuLyeGlnGluLyeAsnproValproSor
GCTGAAGAATGGATGCTTGAAGGGTGCAGAGCATCTGGTGGACTCAAGAAAGGGGATTTCCTTAAGAAGGGCTTAGAACCAGAGACCTTCCAGAAC
AlaGluGluTrpMetLeuGluGlyCysArgAlaSerGlyGlyLouLysLyaGlyAepPheLeuLysLyaGlyLouGluProGluThrPheolnAsn
TTTGATGGTGATCATGCATGTTCAGTCAGGGATGATGAATTTAAATTCCAAGGGCTTAGGCACACTGTGACTGCCAGGCAGTTGGTGGAAGCTAAG
PheAspGlyAspHlsAlaCysSerValArgAspAspGluPheLysPhoGlnGlyLouArgHlsThrValThrAlaArgGlnLeuValGluAlaLys
CTTCTGGACATGAGAACAATTGAGCAGCTGCGACTCGGTCTTAAGACTGTTGAAGAAGTTCAGAAAACTCTTAACAAGTTTCTGACGAAAGCCACC
LeuLeuAspMetArgThrIleGluGlnLeuArgLeuGlyLouLysThrValGluGluValGlnLysThrLouAanLysPh.LouThrLysAlaThr
TCAATTGCAGGGCTTTACCTAGAATCTACAAAAGAAAAGATTTCATTTGCCTCAGCGGCCGAGAGAATCATAATAGACAAAATGGTGGCTTTGGCASerIlAlaGlyLeuTyrLeuGluSerThrLyuGluLyslleSerPheAlaSerAlaAlaGluArgIleIl.IleAspLyeMetValAlaLsuAla
TTTTTAGAAGCTCAGGCTGCAACAGGTTTTATAATTGATCCCATTTCAGGTCAGACATATTCTGTTGAAGATGCAGTTCTTAAAGGAGTTGTTGAC
PhoLouGluAlaGlnAlaAlaThrGlyPhoIleIleAapProIloSerGlyGlnThrTyrSerValGluAspAlaValLeuLysGlyValValAsp
CCCGAATTCAGAATIAGGCTTCTTGAGGCAGAGAAGGCAGCTGTGGGATATTCTTATTCTTCTAAGACATTGTCAGTGTTTCAAGCTATGGAAAATProGluPheArgIleArgLouLouGluAlaGluLysAlaAlaValGlyTyrSerTyrSerSerLysThrLouS.rV'alPhoGinAlaMetGluAsn
AGAATGCTTGACAGACAAAAAGGTAAACATATCTTGGAAGCCCAGATTGCCAGTGGGGGTGTCATTGACCCTGTGAGAGGCATTCGTGTTCCTCCA
ArgMetLeuAspArgGlnLysGlyLysHlsIleLeuGluAlaGlnIleAlaSerGlyGlyValIl.AspProValArgGlyll.ArgvalProPro
GAAATTGCTCTGCAGCAGGGGTTGTTGAATAATGCCATCTTACAGTTTTTACATGAGCCATCCAGCAACACAAGAGTTTTCCCTAATCCCAATAACGluIleAlaLeuGlnGlnGlyLeuLeuAsnAsnAlaIleLouGlnPhoLouHlaGluProSerSerAsnThrArgvalPheProAsnProAsnAsn
AAGCAAGCTCTGTATTACTCAGAATTACTGCGAATGTGTGTATTTGATGTAGAGTCCCAATGCTTTCTGTTTCCATTTGGGGAGAGGAACATTTCCLysGlnAlaLeuTyrTyrSerGluLeuLeuArgMstCysValPheAspvalGluSerGlnCyePhoLouPheProPhoGlyGluArgAsn~loSer
AATCTCAATGTCAAGAAAACACATAGAATTTCTGTAGTAGATACTAAAACAGGATCAGAATTGACCGTGTATGAGGCTTTCCAGAGAAACCTGATTAsnLeuAsnValLysLysThrHlsArgIleSerValValAspThrLysThrGlySerGluLeuThrValTyrGluAlaPh.GlnArgAsnLeuIle
GAGAAAAGTATATATCTTGAACTTTCAGGGCCTTTTTGGGATACAGGATTTTCTTTATTCAGGTCAAAAAAATGA
GluLysSerIleTyrLouGluLeuSerGlyProPheTrpAspThrGlyPheSerLouPheArgserLyaLysEnd

Figure 6. ORFand deduced amino acid sequence of the BP cDNA.

Discussion

Autoantibodies from BP patients were used to isolate a unique
cDNAclone encoding major antigenic determinants of the BP
antigen. Of the nine BP sera tested, all bound antigenic sites
produced by this BP clone but not other, either recombinant
or nonrecombinant, Xgt 1 clones. In addition, antibodies af-
finity-purified on the products of this BP clone bound the
epidermal BMZby immunofluorescence and immunoprecip-
itated the 230-kD BP antigen.

The Xgt 1 expression vector was designed to use the lac
promoter to express the peptide encoded for by the cDNAas a
fusion protein with f3-galactosidase. However, inserted cDNA
that is capable of producing immunoreactive protein may be
oriented so that its direction of transcription is opposite to that
of the lac Z gene (23, 24). In this case the expression of the
protein encoded for by the cDNA is presumably from a late
phage lambda promoter (23). The BP cDNA was similarly
oriented. This finding was consistent with the fact that IPTG
was not needed to induce expression of protein immunoreac-
tive with BP serum.

Northern analysis with the BPcDNAprobe indicated that
the mRNAencoding for BP antigen is 9 kb. Since - 6.5 kb of

coding mRNAis necessary to encode for - 230-kD polypep-
tide, the large size of the BP mRNAimplies that: (a) BP anti-
gen is synthesized as a larger precursor, and/or (b) there is a
long 3' and/or 5' untranslated region of the BP mRNA. Since
we did not detect the poly A tail or polyadenylation signal in
the BP cDNAclone (data not shown), we cannot predict the
length of the 5' end of the mRNA.

The long ORFof the BP cDNAwould encode a polypep-
tide of about 76,000 D, - one-third of the full length of the
230-kD BP antigen. Since the BP cDNA contains the stop
codon at the end of this long ORF, it reflects sequences from
the 3' end of the mRNA, consistent with the construction of
the Xgtl 1 library with an oligo-dT primer. Wecan conclude
from the above data that the COOH-terminal end of the BP
antigen contains major antigenic sites to which most, if not all,
BP antibodies bind.

This study, as well as others (25-29), has demonstrated that
autoantibodies from patients can be used to isolate cDNA
clones for the corresponding antigens from Xgt 1 expression
libraries. This powerful technique should provide a means for
the characterization of these antigens at a protein and genetic
level. Thus, in the case of BP antigen, the cDNA probe de-
scribed in this paper and its sequence should prove useful in
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isolating a full-length cDNA clone (and the corresponding
amino acid sequence for the whole antigen). This will in turn
provide valuable information about hemidesmosomes, of
which BPantigen is a component (4-6). In addition, because a
probe for BP antigen is now available, studies on the BPgeno-
mic DNAand the genetic regulation of expression of BP anti-
gen in differentiating epidermis are feasible. Since BP antigen
is produced by basal cells but not more differentiated keratin-
ocytes (8), these studies should shed light on control of epider-
mal differentiation.

Finally, this technique of autoantibody screening of cDNA
expression libraries would also be feasible for isolation of
cDNAclones for other autoimmune blistering diseases such as
pemphigus and epidermolysis bullosa acquisita. The autoanti-
bodies in these diseases, as well as in BP, define molecules that
are tissue-specific for stratified squamous epithelia, such as
skin and mucous membrane. Like BPantigen, these molecules
too are regulated with differentiation of epidermis (8). The
isolation of these cDNAprobes will undoubtedly provide valu-
able tools for our understanding of normal and diseased skin
and mucous membranes.
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