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ABSTRACT Desmoplakins (DPs) I and II are closely re-
lated proteins found in the innermost region of the desmosomal
plaque, which serves as a cell surface attachment site for
cytoplasmic intermediate filaments. Overlapping cDNA clones
comprising 9.2 kilobases of DP-1, predicted to encode a full-
length 310-kDa polypeptide (2677 amino acid residues), have
now been identified. Here we report the predicted protein
sequence and structural analysis of the N terminus of DP,
extending our previous study of the rod and carboxyl domains.
The N terminus contains groups of heptad repeats that are
predicted to form at least two major a-helical-rich bundles.
Unlike the rod and carboxyl domains, the N terminus did not
display a periodic distribution of charged residues. Northern
blot mapping and genomic sequence analysis were also under-
taken to examine the organization of the DP mRNAs. A
1-kilobase intron was located at the 3’ boundary of a DP-I-
specific region; however, instead of an intron at the 5’ junction,
a possible splice donor site was observed within a potential
coding sequence, suggesting alternative RNA splicing from an
internal donor site.

Desmosomes are major sites of intercellular contact found in
a variety of cells—i.e., epithelial cells, cardiac myocytes,
arachnoidal cells of the meninges, and dendritic reticulum
cells of germinal centers in lymph nodes (1-3). The desmo-
somal plaques serve as specific attachment points for inter-
mediate filaments (IFs), which form a structural framework
for the cytoplasm. Of the proteins comprising the desmo-
somal plaques, two closely related major components, des-
moplakins (DPs) I and II [reported sizes vary from 240 to 285
kDa and from 210 to 225 kDa, respectively (4-6)], are among
the candidate linkers for mediating IF anchorage to the cell
surface. These two proteins have been localized to the
fibrous, less electron-dense portion of the plaque through
which IFs appear to loop and are associated with the IF
cytoskeleton during desmosome assembly (7).

Until recently (8, 9), relatively little was known about the
molecular structure of DP-I and -II (DNA or protein level),
the regulatory mechanisms governing DP expression, the
functional roles of the DPs in desmosome assembly, or their
relationships with other desmosomal components and cyto-
skeletal elements, such as IFs. In a previous study (9),
computer-aided analysis carried out on a partial predicted
DP-I amino acid sequence identified two major structural
domains within DP-I: a rod-like central domain and a globular
C terminus. Here we report the sequence and predicted
structure of the DP N terminus.$ Using this information, we
propose a model for the entire DP-I polypeptide that is
consistent with rotary shadowed electron microscope images
showing DP-I to be a dumbbell-shaped molecule (6). We have
also examined in more detail the mechanism by which the
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highly related DP-I and -II mRNAs are generated. Northern
blot mapping and sequence analysis of a DP genomic clone
were performed to confirm the boundaries of the DP-I-
specific region and to investigate the origin of the two
messages. The current evidence suggests that the mature
mRNAs are generated by a mechanism of alternative splicing
in which one of two alternative donor sites is selected for a
single acceptor site. Of the two donor sites, the more 5’ site
is an internal one contained within the potential coding
sequence for DP-I1.

MATERIALS AND METHODS

¢DNA and Genomic Library Screening. The human kerati-
nocyte Agtll cDNA library (10) was obtained from John
Stanley (National Cancer Institute, National Institutes of
Health), while the human Charon 4A genomic library (11)
was a gift from Richard Scarpulla (Northwestern University
Medical School). Previously characterized DP cDNAs (9)
were used as probes for library screening (12). The 5’ limits
of the DP cDNA clones containing additional 5’ sequence
were verified by PCR using Agt11 primers [18 base pairs (bp)]
in combination with internal DP primers (15-30 bp).

DNA and Predicted Amino Acid Sequence Analysis. DP
cDNA and genomic inserts from phage clones and PCR
products were subcloned into Bluescript vectors (Stratagene)
and were sequenced on both strands as described (9). The
DNA sequence from PCR-generated inserts was confirmed
by comparison with overlapping DP.cDNAs and other PCR
products. Sequence analysis was performed by using the
AASAP and PC Gene software package (IntelliGenetics). A
sequence homology search was done using the Protein Iden-
tification Resource protein data base (Release 27.0, Decem-
ber 1990). Fast Fourier transform (FFT) analyses to deter-
mine the periodic distribution of amino acid residues (charged
or apolar) were carried out as described (13, 14).

RNA /DNA Blotting and Primer Extension. Total RNA was
isolated from normal human epidermal keratinocytes by a
single-step procedure (15). Northern and Southern blot anal-
yses were carried out as described (9). Primer extension was
carried out as described (16) using 1 X 10° cpm of a 3?P-end-
labeled oligonucleotide primer (30 bp long) and 10-20 ug of
total keratinocyte RNA. The primer/RNA mixture was hy-
bridized overnight at either 30°C, 37°C, or 42°C. Extension
reaction mixtures using 50 units of a modified Moloney
murine leukemia virus reverse transcriptase (Bethesda Re-
search Laboratories) were incubated at 42°C for 1.5 hr.
Primer-extension products were then run on a 6% polyacryl-
amide/urea gel at 2000 V.

Abbreviations: DP, desmoplakin; IF, intermediate filament; FFT,

fast Fourier transform.
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RESULTS

Origin of the DP-II mRNA. Overlapping DP cDNA clones
encoding the N terminus were isolated from the keratinocyte
cDNA library and verified by PCR. Radiolabeled cDNA
fragments or PCR products derived from the clones were
used to probe total RNA from normal human keratinocytes
on Northern blots to determine whether these hybridized to
the 9.5-kilobase (kb) DP-I message and/or the 7.5-kb DP-1I
message (Fig. 1A). All of the N-terminal fragments tested
hybridized to both DP-I and -II bands of the expected
message sizes. The previously identified 1797-bp DP-I-
specific region (9) was also verified by RNA blot analysis. In
Fig. 1A, probes p36 and p46 hybridized to the 9.5-kb DP-I
message only, while probes derived from the regions flanking
the 1797-bp sequence recognized both DP-I and -II messages.

To examine in more detail the mechanism for generating
the DP-I and -II mRNAs, we isolated and characterized an
~14-kb DP genomic clone from a human Charon 4A library.
DNA sequence analysis of this genomic clone uncovered a
1-kb intron situated precisely at the 3’ boundary of the
DP-I-specific region (Fig. 1B). However, there was no intron
at the 5’ end of the DP-I-specific 1797-bp region. Instead,
closer inspection of the 5’ junction revealed the nucleotide
sequence AAG/GTAAGA, which conformed closely to the
consensus sequence for exon splice donor sites, AAG/
GTAAGT (17, 18).

Characterization of the DP N-Terminal Sequence. Sequence
analysis of the overlapping 5’ end clones brought the total
sequence of the DP-I cDNA to 9.2-kb of the total 9.5 kb
expected by Northern blot analysis (Fig. 2). Primer-extension
experiments were carried out by using a 30-bp oligomer
derived from the 5’ end (location of the primer is underlined
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in Fig. 2). As shown in Fig. 3, a primer extension product of
343 bp showed up consistently in three samples that were
incubated overnight at various hybridization temperatures.
Taking into account the size and location of the primer, the
transcriptional start site is estimated to be 295 bp upstream of
the 5’ end of the sequence shown in Fig. 2 and brings the total
lengths of the DP-I and DP-II transcripts to 9.5 and 7.7 kb,
respectively. These values correspond well with the message
sizes of 9.5 and 7.5 kb previously predicted by Northern blot
analysis (9). Faint bands of larger molecular mass were also
seen in all three samples, suggesting the presence of minor
transcriptional initiation sites in the DP gene.

From the first in-frame ATG triplet (methionine), an open
reading frame of 8031 bp is predicted to encode a 310-kDa
polypeptide of 2677 amino acid residues. The areas surround-
ing the second and third ATG codons also conformed closely
to the consensus sequence for ribosome binding sites (19) and
thus are also marked as possible translational start sites (Fig.
2). Two independent clones were sequenced to confirm the
sequence of this region containing the putative translational
start sites. Based on the designation of the DP-I-specific
region, a 238-kDa DP-II protein is expected from an open
reading frame of 6234 bp (2078 amino acid residues). From
the predicted protein sequences, the pl values of DP-I and -11
were estimated to be 6.3 and 6.4, respectively, as compared
to pl 6.8-7.2 previously reported for the DPs (4). On the other
hand, the percentages in amino acid composition (data not
shown) compared favorably with results from actual amino
acid compositional analysis (6).

Predicted Structure of the DP N Terminus. Heptad repeat
substructure, which is characteristic of a-fibrous proteins
(20) and underlies the predicted formation of the DP rod
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Fic. 1. Boundaries of the DP-I-specific region. (A) Northern blot mapping of a DP-I-specific region and the DP common regions. Replica
blots of total normal human keratinocyte RNA were probed with radiolabeled cDNA fragments (p150, p130, p107, p98, p96, p84, p36, p46, p23)
derived from overlapping Agtll DP phage clones. The relative sizes and positions of the probes used are indicated below the restriction map
of the entire DP-I cDNA. Message sizes for DP-1 and -II are 9.5 and 7.5 kb, respectively. P, Pst I; S, Sac I; H, HindllI; B, BamHI; N, Nco
I; E, EcoRI . (B) Diagram depicting the location of the intron/exon borders within the region thought to be involved in generating the alternatively
spliced DP-1and -1 mRNAs. Here, exons are denoted as rectangles (the 1797-bp DP-I-specific region is denoted by a hatched box), while introns
are indicated as dashed lines. Sequences for the alternative donor sites (one of which is internal) and a single acceptor site are also indicated.
Intron/exon borders were based on DNA sequence analysis of an ~14-kb Charon 4A genomic clone and previously characterized DP-I and DP-I1

cDNA clones (9).
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-441 tgatcaccgaccagaactgdaaacaactactatcasaccaacacaatat: g NIN'M'ccagqaqctgctqcagaactqctccgactgcttqa -334
-333 tgcgagcagagctcatcgtgcagcctgaattgaagtatggagatggaat acaactg&ct cggagtcgagaattggatgagtgttttg qq -226
-225 aaatcctcgacagcttgatcagagagatgcggcagatggccagecctgtgatgettaccagaaaaggettcettcaget tttataaagc -118
-117 catcagtgtccctcgagtccgcaggcecagcetccaagggtggtggaggetacacttgtcagagtgget ccggctgqgatg‘qttcaccuacatqt caccagtgaatgt -10
-9 ttggggt ggATGAGGCAGCMAGGGCGGAGATGGACATGGTGOCCTGGGGTGTGGACCTGGCC‘I‘CAGTGGAOCAOCACATTMCAGCCACCGGGGCATCCACMCTCC 99

1 R Q Q R A E X D XXV A WGV DULASVEAQIHTINSU HRTGTIHNS 33

|=>-REGION T
100 ATCGGCGACTATCGCTGGCAGCTGGACAAAATCAAAGCCGACCTGCGCGAGAAATCTGCGATCTACCAGTTGGAGGAGGAGTATGAAAACCTGCTGAAAGCGTCCTTT 207
34 I G D Y R W QUL DIKTIIKA ADTULUZREIKSA ATI Y QULETEEYENILTLIKASTF 69
208 GAGAGGATGGATCACCTGCGACAGCTGCAGAACATCATTCAGGCCACGTCCAGGGAGATCATGTGGATCAATGACTGCGAGGAGGAGGAGCTGCTGTACGACTGGAGC 315
70 E R M D HLRQULIOQNTITIUG QAT SR RUETIMMOWTINDTCTETETETETLTLTYDWS 105
316 GACAAGAACACCAACATCGCTCAGAAACAGGAGGCCTTCTCCATACGCATGAGTCAACTGGAAGTTAAAGAAAAAGAGCTCAATAAGCTGAAACAAGAAAGTGACCAA 423
106DKNTNIAQKQBAFSIRHSQLBVKBKELNKLKQBSDQ 141
on ¥
424 mc'rcc'rcn'rcaccm'cCAGc'ncmac:wwr'r&mﬂnﬁamumcrmmmmmmmcmmmmmcu 531
142 L V L N Q P A 8 D KIUEAYMUDTIULO QT QWS WIULOQTITI KT CTIUDUVH 177
532 CTGAAAGAAAATGCTGCCTACTTTCAGTTTTTTGAAGAGGCGCAGTCTACTGAAGCATACCTGAAGGGGCTCCAGGACTCCATCAGGAAGAAGTACCCCTGCGACAAG 639
178 L K E N A A Y F Q FF EEAQSTEA AYTZLI KGTLUG QDS STIU RIEKIEKTYU®PTCTDHK 213
640 AACATGCCCCTGCAGCACCTGCTGGAACAGATCAAGGAGCTGGAGAAAGAACGAGAGAAAATCCTTGAATACAAGCGTCAGGTGCAGAACTTGGTAAACAAGTCTAAG 747
214« N M P L Q H L L EQTI KETLEIZKERYEIKTITLETYI KT RO QVQNTLJVNIKSK 249
748 AAGATTGTACAGCTGAAGCCTCGTAACCCAGACTACAGAAGCAATAAACCCATTATTCTCAGAGCTCTCTGTGACTACAAACAAGATCAGAAAATCGTGCATAAGGGG 855
250 K I VvV Q L K P R N PDYR S NIKUPTITITILURALTGCDYIKU QDU QI KTIUVHIEKSG 285
856 GATGAGTGTATCCTGMGGACMCMCGAGCGCAGCMGTGGTACGTGACGGGCCCGGGAGGCGTTGACATGC‘I‘TG‘H‘C CTCTGTGGGGCTGATCATCCCTCCTCCG 963
286 D E C I L K D NNER 8 WY VTGP G GV DML P $§$ VG L I I P P P 321
~=-REGION X
964 AACCCACTGGCCGTGGACCTCTCTTGCAAGATTGAGCAGTACTACGAAGCCATCTTGGCTCTGTGGAACCAGCTCTACATCAACATGAAGAGCCTGGTGTCCTGGCAC 1071
322 N P L AV DL S CEKTIEU QYZYEATITLALUWNO GTLTYTINMTEKSTLV S WH 357
1072 TACTGCATGATTGACATAGAGAAGATCAGGGCCATGACAATCGCCAAGCTGAAAACAATGCGGCAGGAAGATTACATGAAGACGATAGCCGACCTTGAGTTACATTAC 1179
38 Y ¢ M I D I E K I R A MT I A K UL IKTMPBROQETDTYMKTTIADTLETLHY 393
REGION W
1180 CAAGAGTTCATCAGAAATAGCCAAGGCTCAGAGATGTTTGGAGATGATGACAAGCGGAAAATACAGTCTCAGTTCACCGATGCCCAGAAGCATTACCAGACCCTGGTC 1287
34 Q E F I R N 8 Q G S E M F G D DD K Z RIKTIOQSOQFTDAGQIKUHYQTULUWV 429
1288 ATTCAGCTCCCTGGCTATCCCCAGCACCAGACAGTGACCACAACTGAAATCACTCATCATGGAACCTGCCAAGATGTCAACCATAATAAAGTAATTGAAACCAACAGA 1395
430 I QL P G Y P Q H QTUVTTTUETITMHMHSGTU CUOQDUVNU HNIEKTU GVTIZETNHR 465
1396 GAAAATGACAAGCAAGAAACATGGATGCTGATGGAGCTGCAGAAGATTCGCAGGCAGATAGAGCACTGCGAGGGCAGGATGACTCTCAAAAACCTCCCTCTAGCAGAC 1503
466 E N D K Q E T W M L M E L Q K I R R QI E HCEGURMTULI KNILUPTILA AD 501
1504 CAGGGGTCTTCTCACCACATCACAGTGAAAATTAACGAGCTTAAGAGTGTGCAGAATGATTCACAAGCAATTGCTGAGGTTCTCAACCAGCTTAAAGATATGCTTGCC 1611
502 Q G S 8§ H H I T V K I NZEULIKSV QND S QA I AEVLNAG QLI KUDM LA 537
{=-REGION V
1612 AACTTCAGAGGTTCTGAAAAGTACTGCTATTTACAGAATGAAGTATTTGGACTATTTCAGAAACTGGAAAATATCAATGGTGTTACAGATGGCTACTTAAATAGCTTA 1719
538 N F R G S E K Y C Y L Q NE V F GLF Q KL ENTINGUVTUDSGT YT LNSIL 573
1720 TGCACAGTAAGGGCACTGCTCCAGGCTATTCTCCAAACAGAAGACATGTTAAAGGTTTATGAAGCCAGGCTCACTGAGGAGGAAACTGTCTGCCTGGACCTGGATAAA 1827
574 ¢ T V R A L L Q A I L Q T E D MULI KV Y EAURYULTETEUETVCLDTLDK 609
1828 GTGGAAGCTTACCGCTGTGGACTGAAGAAAATAAAAAATGACTTGAACTTGAAGAAGTCGTTGTTGGCCACTATGAAGACAGAACTACAGAAAGCCCAGCAGATCCAC 1935
610 V E A Y R € G L K K I K NDULNILIKIKSULULATMMI KTEL K A Q I H 645
1936 TCTCAGACTTCACAGCAGTATCCACTTTATGATCTGGACTTGGGCAAGTTCGGTGAAAAAGTCACACAGCTGACAGACCGCTGGCAAAGGATAGATAAACAGATCGAC 2043
646 S Q T S Q Q Y P L Y DL DULGI KV FGEI KVTOQULTUDI RWOQU®RTIDI KN GQTID 681
2044 TTTAGATTA‘l‘GGGACCTGGAGAMCAMTCAAGCMTTGAGGMTTATCGTGATMCTATCAGGC’M‘TCTGCMGTGGCTCTATGATCGTMACGCCGCCAGGATTCC 2151
682 F R L W D L E K Q I K Q L R N Y D NY Q A F C K WL Y DR R Q D s 717
2152 TTAGAATCCATGAAATTTGGAGATTCCAACACAGTCATGCGGTTTTTGAATGAGCAGAAGAACTTGCACAGTGAAATATCTGGCAAACGAGACAAATCAGAGGAAGTA 2259
718 L E S M K F G D S NT V M R F L NEQIKNILUBHS ETI S G KURDIK s EEV 753
2260 CAAAAAATTGCTGAACTTTGCGCCAATTCAATTAAGGATTATGAGCTCCAGCTGGCCTCATACACCTCAGGACTGGAAACTCTGCTGAACATACCTATCAAGAGGACC 2367
7% Q K I A E L C A N 8 I K DY E L QLA ASYTSGULETTULULNIU®PTII KT RT 789
2368 ATGATTCAGTCCCCTTCTGGGGTGATTCTGCAAGAGGCTGCAGATGTTCATGCTCGGTACATTGAACTACTTACAAGATCTGGAGACTATTACAGGTTCTTAAGTGAG 2475
790 M I Q S P 8 G V I L Q E A A DV HARYTIUETLULTU®RSGDY YRV FIUL S E 825
2476 A'l‘GCTGMGAGTTTGGAAGATCTGAAGCTGAAMATACCAAGATCGMGTTTTGGMGAGGAGCTCAGACTGGCCCGAGATGCCMCTCGGAAMCTGTMTMGMC 2583
826 M L K s L E D L K L K N T I E VL EEETULURTULARUDANSENTU CNIEKN 861
ROD BEGINS ,
2584 AAATTCC'l'GGA'I‘CAGAACCTGCAGAAATACCAGGCAGAGTG‘PTCCCAGTTCMAGCGMGC‘PTGCGAGCCTGGAGGAGCTGMGAGACAGGCTGAGCTGGATGGGAAG 2691
862 K F L D Q N L Q K Y Q A E C S Q F KA KU LA ASTULEZETLI KU RUOGQAETLDG K 897
2692 TCGGCTAAGCAAAATCTAGACAAGTGCTACGGCCAAATAAAAGAACTCAATGAGAAGATCACCCGACTGACTTATGAGATTGAAGATGAAAAGAGAAGAAGAAAATCT 2799
898 S A K Q N L D K €C ¥ G Q I K E L NE K I TRULTYETIETUDEIZ KT RT RT RIK S 933
{=$OLD ROD BEGINS

2800 GTGGAAGACAGATTTGACCAACAGAAGAATGACTATGACCAACTGCAGAAAGCAAGGCAATGTGAAAAGGAGAACCTTGGTTGGCAGAAATTAGAGTCTGAGAAAGCC 2907
934 V E D R F D Q Q K N D Y D QL Q KA R QU CEITZKENTLGWOGQI KTLESETKA 969
2908 ATCAAGGAGAAGGAG. ..

970 I K E K E

FiG.2. Nucleotide and predicted amino acid sequence of DP-1. New and old designations (9) for the rod domain, as well as the 5’ boundaries

of the N-terminal regions V, W, X, Y, and Z are indicated by arrows. The first three methionine (M) residues are marked in boldface to denote
the location of putative translation initiation sites. The sequence complementary to the 30-bp oligonucleotide used in primer extension is

underlined.

domain (9), is also prevalent in much of the N terminus. In
contrast, however, to the extensive series of heptads in the
rod, the stretches of heptads in the N terminus are shorter
(Fig. 4). Within the N-terminal domain, two major heptad-
containing regions have been predicted to be largely a-helical
and these have been designated as V and Y (each with five
strands of heptads but with 55 and 35 amino acid residues per
strand, respectively). Three minor ones are designated W

(three strands, each =30 amino acids long), X and Z (each
with two strands =20 amino acids long) (Fig. 5). As shown in
Table 1, the overall charged/apolar ratio is relatively low—
0.72—for these segments, and this is consistent with the
formation of a compact bundle rather than an extended rope
(21), in which the ratio is generally much higher—=1.3.
Calculations also show that there would have been very few
interchain ionic interactions stabilizing a two-stranded rope if
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Fi1G. 3. Primer extension. Autoradiogram of a 6% polyacrylam-
ide/urea gel of primer extension products hybridized overnight at
different temperatures before reverse transcription at 42°C for 1.5 hr.
Lanes: 1-3, primer extension products hybridized at 30°C (lane 1),
37°C (lane 2), or 42°C (lane 3); 4-7, dideoxynucleotide chain termi-
nation reactions (A, C, G, T) used as a molecular size ladder. A
343-bp labeled product generated under all three conditions is
indicated by the arrow. The faint larger molecular mass bands that
appear consistently in lanes 1-3 may represent minor transcriptional
start sites.

that structure had been adopted in preference to bundles. For
these reasons, we believe that the conformation adopted is
that of several a-helical bundles consisting largely of anti-
parallel strands. A FFT analysis was performed to detect
periodic distributions of acidic and basic residues in various
parts of the N terminus; however, no significant long-range
period could be detected (Table 1). This is in contrast to the
rod and C domains, which both contained significant peri-
odicities of 10.4 and 9.5, respectively (9).

DISCUSSION

Here we report the cDN A and predicted amino acid sequence
of the DP N terminus, and we investigate further the mech-
anism by which the related DP-I and -II mRNAs are gener-
ated. Early studies have emphasized the close biochemical
similarities shared by both DP-I and -1I. We have previously
shown that the DPs are encoded by separate messages
derived from a single precursor transcript, possibly by alter-
native splicing (8, 9). Here we did not detect any sequences
unique to DP-I or DP-II, other than the previously described
DP-I-specific region (Fig. 1A). Our analysis of the splice sites
flanking the DP-I unique region revealed a 1-kb intron at the
3’ end but none at the 5’ junction. In lieu of an intron at the
5’ end of the DP-I-specific region, we found a nucleotide
sequence AAG/GTAAGA, which matched almost perfectly
the consensus sequence for exon donor splice sites. This
observation suggests that optional removal of the DP-I-
specific region occurs via splicing at an internal donor site.

Residues: abcdefg abgecdefg
652-665 YPLDL D [Elak[FlcE K
666679  [V|T QLT DR WQR[i|DKQ
680-693 [DF RL WD EKQIKQ
694707 |LIRNFJRDN [¥]QA[Elc K W
708-728  |L|Y [DRKKRQDSLESMKFGDSNT]
729-742 VMRLNE QK N[EJH S E
743-756 I|SGKRDK SEEMQKI
757-770 A[ELCANS KDYELQ
771784 [L]A sfMT s @ [L]E TILiL NI

Fic. 4. Heptapeptide repeats of the form (a,b,c,d,e.f,g), within
bundle V of the DP-I N terminus (residues 652-784), wherein
positions a and d are usually occupied by apolar residues. Conserved
apolar residues are indicated in shaded boxes. Nonheptad sequence
is in brackets.
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1-862 863-1751 1752-2677
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FiG. 5. Diagram of the model of the DP-I1 polypeptide. The
heptad-containing N-terminal subregions are grouped into two major
bundles (V, Y) and three minor ones (W, X, Z), while the C-terminal
subregions containing the 38-residue motif are designated as bundles
A, B, and C. At the central rod domain, two adjacent DP molecules
are predicted to dimerize into an a-helical coiled-coil of 132 nm,
which is flanked by globular end domains.

C-TERMINUS

This type of mechanism usually involves at least two alter-
native donor sites competing for a single acceptor site during
pre-mRNA splicing. Alternative RNA splicing via an internal
donor site has been previously demonstrated with several
genes—i.e., human fibronectin, human granulocyte colony-
stimulating factor, mouse immunoglobulin heavy chains,
chicken ovomucoid, and porcine plasminogen activator (22).

On the basis of the predicted amino acid sequence for the
DP N terminus, we can now propose a model for the entire
DP-I polypeptide (Fig. 5). This model, comprising a central
rod domain and globular end domains, is consistent with the
appearance of rotary shadowed electron microscope images
of purified DP-I (6). In a previous report (9), the rod domain
was predicted to be capable of self-aggregation and assembly
into higher-ordered filamentous structures, and the C termi-
nus was proposed to contain a possible binding site for IF or
IF-like proteins. Here we focused on the structural analysis
of the DP N terminus, which was based on predicted amino
acid sequence derived from sequencing DP 5’ cDNA clones.
The additional N-terminal cDNA sequence brought the open
reading frames containing potential coding sequence to 8031
bp for DP-I and 6234 bp for DP-II. Based on the predicted
protein sequence, we calculated the molecular masses of
DP-I and -II to be 310 and 238 kDa, respectively, which far
exceed the values previously deduced by SDS/PAGE (4-6).
The difference in size is likely to be due to the known aberrant
migration of fibrous proteins on SDS/polyacrylamide gels, as
in the cases of dynein and plectin (23). The first three ATG
codons that occurred in-frame were all marked as potential
translational initiation sites (Fig. 2). N-terminal peptide se-
quencing using automated Edman degradation (Northwest-
ern University Biotechnology Facility) was attempted to
identify the initiating methionine but proved unsuccessful
because of blockage of the N terminus.

The basic structural unit for much of the DP N terminus is
the heptad repeat. Unlike the rod, though, the heptad series
in the N terminus is often interrupted by relatively short
nonheptad sequences, which may allow folding of the a-he-
lical stretches of heptads onto each other. The resulting
antiparallel bundles could be stabilized primarily by apolar
interactions in a quasi-coiled-coil-like manner (21). To con-
firm that a bundle rather than a rod-like structure is present,
we have calculated the charged/apolar ratio for the heptad-
containing sequences as well as the maximum number of
interchain ionic interactions that could stabilize a rod struc-
ture. In both cases, the relevant values are low (0.72 and
0.095 interaction per heptad pair, respectively) compared to
those expected of a coiled-coil rod (typically =1.3 and 0.5
interactions per heptad pair, respectively) (Table 1). This
predicted conformation of the V, W, X, Y, and Z subdomains
is reminiscent of the C-terminal subdomains A, B, and C,
whose structural unit is based on a 38-residue repeat. This
also adopts an a-helical conformation capped by a B-turn,
although it lacks the heptad substructure. In neither of the
end domains, however, is the relative spatial disposition of
the subdomains known.
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Table 1. Summary of structural analysis of DP-1 domains

Proc. Natl. Acad. Sci. USA 89 (1992)

FFT
Mass, Vol, Length, Charged/apolar Acidic residues (D, E) Basic residues (K, R)
Domain kDa nm’ nm Domain Heptads Period Intensity Probability Period Intensity Probability
N terminus
(residues 1-862) 101.2  125.8 — 0.81 0.72 — — — — — —
Rod domain
(residues 863-1751) 106.8* 130.8 132 1.52 1.27 10.4 36.36 1.62 x 1071 10.4 16.67 5.76 x 1078
C terminus .
(residues 1752-2677) 101.8 126.6 — 0.78 — 9.5 7.66 47 x 1074 9.5 8.26 2.6 x 1074

Molecular mass, volume, and length predictions are based on the predicted amino acid sequence. The numbers of interchain ionic interactions
per heptad pair for the DP-I rod domain and N terminus are 0.54 and 0.095, respectively. FFT analyses were scaled by the methods of McLachlan
and Stewart (13) and Parry (14). FFT values for the C termirus are the average values of the three homologous regions A, B, and C (9).
*Taking into account the DP-I-specific region, the DP-II rod domain is estimated to be 35.2 kDa.

With the completion of DP-I sequencing, we have reeval-
uated the previous predictions for the rod boundaries (9) by
using FFT analysis on the entire protein sequence. After
comparing the FFT intensities for several possible rod
lengths, we found that amino acid residues 863-1751 com-
prise the best defined rod, thereby moving the 5’ and 3’ rod
boundaries upstream of their former designations 104 and 74
bp, respectively. These new assignments were based on
maintenance of a significant periodicity of charged residues
(with somewhat increased intensity) and the addition of six
extra interhelix interactions at the N terminus (in contrast to
zero interactions at the 3’ end of the old rod), which resulted
in a more stable a-helical coiled-coil dimer. With this new
boundary assignment, the rod was calculated to be 132 nm
long (Table 1), which still compared favorably with the
observed length of 130 nm of purified DP-I dimers (6).

Unlike the rod domain and C terminus, FFT analysis on the
N-terminal domain did not reveal any extensive periodic
distribution of charged residues (Table 1). Such a feature
would be expected only under two conditions: (i) when there
is a well-defined structural repeat, such as the 38-residue
repeats in the C-terminal subdomains A, B, and C, or (ii)
when the domain has an interacting rod structure. Neither of
these situations occurs in the N domain.

A sequence homology search of the Protein Identification
Resotirce data base revealed no additional significant homol-
ogies other than those previously reported (9, 10), in which
the C-terminal region was shown to be similar to that of the
230-kDa bullous pemphigoid antigen, a known hemidesmo-
somal plaque component. Recently, though, a large IF-
associated protein called plectin has been reported to contain
the 38-residue repeating motif found in this region of DP and
the 230-kDa bullous pemphigoid antigen (23). This observa-
tion is consistent with the suggestion that these molecules are
encoded by a gene family whose protein products play a role
in the organization of IF networks (10).
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