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Abstract

AIM: To approach the elusive function of the SLA/LP
molecule, we have characterized genomic organization
and conservation of the major antigenic and functional
properties of the SLA/LP molecule in various species.

METHODS: By means of computational biology, we
have characterized the complete SLA/LP gene, mRNA
and deduced protein sequences in man, mouse,
zebrafish, fly, and worm.

RESULTS: The human SLA/LP gene sequence of
approximately 39 kb, which maps to chromosome
4p15.2, is organized in 11 exons, of which 10 or 11 are
translated, depending on the splice variant. Homologous
molecules were identified in several biological model
organisms. The various homologous protein sequences
showed a high degree of similarity or homology, notably
at those residues that are of functional importance. The
only domain of the human protein sequence that lacks
significant homology with homologous sequences is the
major antigenic epitope recognized by autoantibodies
from autoimmune hepatitis (AIH) patients.

CONCLUSION: The SLA/LP molecule and its functionally
relevant residues have been highly conserved throughout
the evolution, suggesting an indispensable function of
the molecule. The finding that the only non-conserved
domain is the dominant antigenic epitope of the human
SLA/LP sequence, suggests that SLA/LP autoimmunity is
autoantigen-driven rather than being driven by molecular
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mimicry.
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INTRODUCTION

Autoantibodies to soluble liver antigen (SLAY" and to
liver/pancreas (LP) have been described as specific
markers for autoimmune hepatitism. Recently, identity of
the SLA and LP antigens has been demonstrated, and
the target antigen of SLA/LP autoantibodies has been
cloned". Using the recombinant SLA/LP molecule, the
strict specificity of SLA/LP autoantibodies as markers for
AIH has been confirmed®.

The primary biological function of SLA/LP remains
unclear. Because the SLA/LP molecule was found to
be associated with the UGA tRNP(Ser)Sec complex'®”,
which facilitates the co-translational incorporation of
selenocysteine into proteins, it has been speculated that
the SLA/LP molecule may have a role in selenoprotein
metabolism; the specialized UGA tRNA is initially
charged with serine to form seryl-tRNA, which then
is enzymatically converted to selenocysteine-tRNA,
However, there is no direct experimental evidence for such
a role of the SLA/LP molecule so far. Nevertheless, a fold
recognition study predicted the SLA/LP tertiaty structutre
by comparison to known protein structures to be that of a
pyridoxal phosphate (PLP)-dependent transferase'™, which
is compatible with a role in selenoprotein metabolism.
The active site was proposed to be a cavity with a channel,
formed by dimerization of two SLA/LP molecules™”.
In the three-dimensional model, five amino acids of
monomer A (188, T89, F92, T94, and S118) as well as
two amino acids of monomer B (P251 and G252) were
involved in dimerization and the amino acids critical for
binding and orientation of the co-enzyme PLP were
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autoimmunity and the pathogenetic relevance of
autoimmunity to SLA/LP are currently not cleat.
The main antigenic region crucial for the recognition
of SLA/LP autoantibodies was identified to locate
between amino acids 390 and 428™")] thus being easily
accessible by antibodies'™. This region contains sequence
homologies with various microbial antigens, including
proteins of Rickettsia species, human herpesvirus 6, and
cytomegalovirus'; however, the homologous microbial
sequences ate only pootly recognized by SLA/LP
autoantibodies"”. Nevertheless, molecular mimicry of
homologous proteins from other species, such as parasites,
may be a trigger of SLA/LP autoimmunity.

Due to the human genome project and other genomic
sequencing groups, sequences of many different species
are now publicly available. While some chromosomes
are completely assembled, most genomic fragments are
currently still preliminary and await characterization. To
approach the elusive biological function of the SLA/LP
molecule, we have characterized here the human SLA/
LP gene and homologous sequences of other species by
means of computational biology. The obtained results
support the hypothesis that SLA/LP autoimmunity is
autoantigen-driven rather than being driven by molecular
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MATERIALS AND METHODS

Identification of the human SLA/LP gene

We have previously identified the human SLA/LP protein
and deposited the corresponding mRNA sequence into
the GenBank'"! with the accession numbers NM_016955
and NM_153825. BLASTing the human mRNA sequence
against the human genome draft sequence revealed the

. .. (213
genomic localization!>",

Identification of SLA/LP homologs in other species
Homologs corresponding to the human SLA/LP were
identified by BLAST query with the human SLA/LP
protein sequence (NP_722547) against the non-redundant
databases of mouse (Mus musculus), zebrafish (Danio rerio),
fruit fly (Drosophila melanogaster) and the nematode worm
(Caenorbabditis elegans).

Exon/intron structure and chromosomal localization
Exon/intron structure and chromosomal localization were
identified by BLASTing the SLA/LP mRNA sequences
of each homolog against the corresponding genome draft
sequences of the particular species.

Locus analysis
Data regarding the genomic loci analysis were obtained
from the GenBank!"",

Analysis of protein structure and conservation
The amino acid sequence was deduced from the

Figure 1 Organization of SLA/LP genes in man and mouse. The exon/intron
structure of the human and mouse SLA/LP gene is represented schematically.
Exon sequences (numbered boxes) are highly conserved and of similar size and
number in man and mouse. Intron sequences, marked as lines, differ in both
species.

obtained mRNA sequences. The alignment of SLA/LP
homologous sequences was initially performed using
the Clustal W algorithm[]4]. The sequence alignments in
Figure 3 were performed using the longer human SLA/LP
variant (CAB89517). The theoretical isoelectric point and
molecular weight was calculated with the pI/Mw tool on
the ExPASy server' ™' Protein structures and domains
were analyzed using two independent algorithms, Pfam'"”
and NCBI Conserved Domain Search!".

RESULTS

Human SLA gene and corresponding mRNA and protein
sequences

We have previously submitted the human mRNA
sequences of two alternative splice variants of SLA/LP
to GenBank with the accession numbers NM_016955
and NM_153825. Using the human SLA/LP protein
sequence as a query for BLAST searches against the
human mRNA database, additional matching mRNA
sequences (splice variants) were not identified. Matching
the human mRNA sequence to the available human
genomic draft sequence (htgs), the corresponding gene
was mapped to chromosome 4p15.2. The gene was found
to span a genomic region of approximately 39 kb and
to be organized in 11 exons (Figure 1). Most exon sizes
were rather small, ranging between 91 and 187 bp, with
the exception of exon 11 at the 3’ end, which covered
3 224 bp. The two splice variants were fully identical,
except for the absence of exon 2 (149 bp) in the shorter
vatiant. Both variants have a large 2 930 bp 3’ untranslated
region; the 5° untranslated region of the two variants
is relatively short with 155 and 174 bp, respectively.
The amino acid sequences of the two splice variants,
as deduced from their mRNA sequence, differ only in
their amino-terminal residues (Figure 2). The theoretical
molecular weight and isoelectric point of the longer splice
variants is 48.84 kDa and 8.64, respectively; that of the
shorter variant is 46.85 kDa and 8.52, respectively.

Mouse SLA gene and corresponding mRNA and protein
sequences

The SLA/LP gene and genomic organization was highly
conserved in mouse. BLASTing the human SLA/LP
protein sequence against the mouse protein database,
revealed a mouse homolog with the accession number
NP_766078. The human and mouse SLA/LP protein
sequences are identical at 85% of the residues (Figure
2). Both, the NCBI and Pfam conserved protein domain
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Human short MS-TSYGCFWRR 11
Mouse short MNI’ESF AAGERR 12
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Human long MDSNNFLGNCGVGEREGRVASALVARRHYR 30

Mouse long MDSNNFLGNCGVGEREGRVASALVARRHYR 30
H ok kK Rk Kk Kk R Rk Kk Kk K Rk K R Kk K K

Human SLA/LP FIHGIGRSGDISAVQPKAAGSSLLNKITNSLVLD IIKLAGVHTVANCFVVPMAT 65/84
Mouse SLA/LP  FIHGIGRSGDISAVQPKAAGSSLLNKITNSLVLNVIKLAGVHSVAS CFVVPMAT 66/84
Human SLA/LP GMSLTLCFLTLRHKRPKAKYIIWPRIDQKSCFKSMI TAGFEPVVIENVLEGDEL 119/138
Mouse SLA/LP GMSLTLCFLTLRHKRPKAKYIIWPRIDQKSCFKSMVTAGFEPVVIENVLEGDEL 120/138
Human SLA/LP RTDLKAVEAKVQELGPDCILC IHSTTS CFAPRVPDRLEELAVICANYDIPHIVN 173/192
Mouse SLA/LP RTDLKAVEAK IQELGPEHILCLHSTTACFAPRVPDRLEELAVICANYDIPHVVN 174/192
Human SLA/LP NAYGVQSSKCMHLIQQGARVGRIDAFVQSLDKNFMVPVGGAIIAGFNDSFIQEI 227/246
Mouse SLA/LP NAYGLQSSKCMHLIQQGARVGRIDAFVQSLDKNFMVPVGGAIIAGFNEPFIQDI 228/246
Human SLA/LP SKMYPGRASASPSLDVLITLLSLGSNGYKKLLKERKEMF SYLSNQI KKLSEAYN 281/300
Mouse SLA/LP SKMYPGRASASPSLDVLITLLSLGCS GYRK LLKERKEMFVYLST QLKKLAEAHN 282/300

Kok ok ok ok kR ok ok ok kokokk ok ok KRk ok ok ok ¥ Hok Lk KRk kK KKk K KKk KL Kk k. ok ok Lok

Human SLA/LP ERLLHTPHNPISLAMTLKTLDEHRDKAVTQLGSMLFTKQVSGARVVPLGSMQTV 335/354
Mouse SLA/LP  ERLLQTPHNPISLAMTLKTIDGHHDKAVTQLGSMLFTRQVSGARAVPLGNVQTV 336/354

ok Rk L kok ok ok kdkkk ok K kR kK. ok Kk . KK kR kR kKKK KKk L kKK KKK kKK L ok k Kk

Human SLA/LP SGY TFRGFMSH TNNYPCAYLNAA SAIGMKMQDVDLFINRLDRCLKAVRKERSKE 389/408
Mouse SLA/LP SGHTFRGFMSHADNYPCAYLNAAAAIGMKMQDVDLFIKRLDKCLNIVRKEQTRA 390/408

R R N N T

Human SLA/LP - --SDDNYDKTEDVDIEEMALKLDNVLLDTYQDASS 422/441
Mouse SLA/LP SVVSGADRNKAEDADIEEMALKLDDVLGDVGQ GPAL 426/444

Lk Lk kKKK K Kk Rk k. k k%

Figure 2 SLA/LP splice variants in man and mouse. The amino acid sequences of the long and short SLA/LP splice variants in humans and their putative homologs in
mouse are aligned. The protein variants differ only in their amino-terminal sequence, 11 or 30 residues in the human protein and 12 or 30 residues in the murine protein, as
depicted in the upper panel. The other residues (lower panel) are identical in the respective splice variants within each species.

Homo sapiens - - --MDSNNFLGNCGVGEREGRVA SALVARRHYRF I HGIGRSGD 1S AVQPKAAGSSL LNK 56
Mus musculus - - - -MDSNNFLGNCGVGEREGRVA SALVARRHYRF I HGIGRSGD ISAVQPKAAGSSLLNK 56
Danio rerio - - - -MDSNNFLGNCGVGEREGRVASS LVARRHYRL I HGIGRSGD IAAVQPKAAGSSL LNK 56
Drosophilam. ~ MLASLDSNNYPHKVGLGEREAR I ACKLVARRHYNFGHGIGRSGDLL EAQPKAAGSTLLAR 60
C.elegans ~  -------- - MIPVGAGEREGRVLTPLVQRLHSNLT HGIGRSGNLLE I QPKA LGSSMLAC 50
Homo sapiens I TNSLVLD I IKLAGVHTVANCFVVPMATGMSLT LCFL TL RHKRPKAKY I ITWPRIDQKSCF 116
Mus musculus  ITNSLVLN VIKLAGVHSVA SCFVVPMATGMSLTLCFL TL RHKRPKAKY I TWPR IDQKSCF 116
Danio rerio ITNSVVLD VLKLTGVR SV SSCFVVPMATGMSLTLCFL TL RHRRPKARY ILWPRIDQKSCF 116
Drosophilam. ~ LTNALILD LIRGIGL PSCAGCFLVPMCTGMTLTLCLQSL RKRRPGARYVLWSRIDQKSCF 120
C. elegans LSN EFAKHALHLLGL HAVKSC IVVP LCTGMSLSLCMTSWR RRRPKAKYVVWLRIDQKSSL 110
Homo sapiens ~ KSM 1TAGFEPVVIENVLE GDELRTDL KAVEAKVQELGPDCILC IH STTSCFAPRVPDRLE 176
Mus musculus  KSMVTAGFEPVVIENVLE GDELRTDL KAVE AKI QELGPEHI LCLH STTACFAPRV PDRLE 176
Danio rerio KSMVT AGFEPVVIENV LE GDELRTNLE EVERKI E EFGAENTLCVH STTSCFAPRV PDRLE 176
Drosophila m. KAT TATGLVPVVIPCL I KGE SLNTNVDLFREKIK SLGVDSILCLY TTTSCFAPRNSDD IA 180
C. elegans KST YHAGFEP 1 lVEP I RDRDSLITDVE TVNRI I EQRGEE ILCVMTTTSCFAPRSPDNVE 169

% .. Sk kL Lo k. . k. L KK Lk KK KK *

Homo sapiens ~ ELAVICANYD I PHIVNNAYGVQSSKCMHL IQQGARVGR IDAFVQSLDKNFMVPVGGA TTA 236
Mus musculus  ELAVICANYD I PHVVNNAYGLQSSKCMHL IQQGARVGR IDAFVQSLDKNFMVPVGGA I TA 236

Danio rerio ELSVLCAKHD I PH IVNNAYGVQPSKCMHL IQQGARVGR IDAFVQSLDKNFV VPVGGA TTA 236
Drosophilam.  EVSKLSKQWQI PHLVNNAYGLQAKE 1 VNQLECANRVGR IDYFVQSSDKNLLVPVGSA IVA 240
C. elegans A ISAI CAAHDVPHLVNNAYGLQSE E T I R KI AAAHECGRVDAVVQSLDKNFQV I’VGGAV IA 229

kR L kR K Rk K Lk D I T

Homo sapiens ~ GFNDS F IQE I SKMYP GRASASPSLDV L1 TLLSLGSNGYKKLLKE RKEMFS 'Y LSNQ IKKLS 296
Mus musculus ~ GFNEP FIQDI SKMYP GRASASPSLDVL I TLLSLGC SGYRKLLKE RKEMFV YLS TQLKKLA 296
Danio rerio GFDENFIQEI SKI1YP GRASASPSLDVLI TLLTLGANGYKKLLADRKEL YGHLAQE LSALA 296
Drosophilam. ~ SENE SVLHDVAS TYA GRASGSQSLDVLMTLLSLGRNGFRLLFDQRGENFNY LRENLRKFA 300

C. elegans AF KQNHI Q S I AQS YP GRASSVPSRDLVL TLLYQGQS A FLE PF GKQKQMF L KMRRKL I SFA 289
E Rk kK k.. .k kR X

Homo sapiens ~ EAYNERLLHTPHNPISLAMTLKTLD EHRDKAVTQLGSMLF TRQVSGARVVPLGSMQ -TVS 355

Mus musculus ~ EAHNERLLQTPHNPISLAMTLKT IDGHHDKAVTQLGSMLF TRQVSGARAVPLGNVQ -TVS 355

Danio rerio ARHGERLLKTPHNPISLAMSLNHLEAHS SSAVTQLGSMLF TRQVSGARVVPLGVQQ -TVS 355

Drosophilam.  EPRGE IV IDSRFNSISLA I TLATLAGDQMKS ITKLGSMLHMRGVSGARV IVPGONK -TID 359

C. elegans ENI GECVYEVPENEISSAMTLST I PP AKQ - --TLFEGSILF AKG ITGARVVTS SQS KTTIE 346

* . * Kk k. oLk * Lk k .k s a

Homo sapiens ~ GY TFRGFMSHTNNYP CAYLNAAS AIGMKMQDVDLF I KRLDRCLKAVRKERSKE - -- SDDN 412
Mus musculus ~ GHTFRGFMSHADNYP CAYLNA AAAIGMKMQDVDLF I KRLDKCLNIVRKEQTRASVVS GAD 415

Danio rerio GHTFSGFMSHSE AYPCPYLNAASAIGI TKGDVTVCMKRLGKCLKILKKEKSDP - - -- - - A 409
Drosophilam.  GHEFLGK - - - - = - == -« oo m o oo oo o o e o ool oo 366
C. elegans GCEF INFGSHTT EQHGGYLN I ACSVGMTDHE LEEL F TRLTS SYAKFVRELAKE - -- DER1 403
-

Homo sapiens YDKTEDVDIE EMAL KLDNVLLDTYQDASS 441

Mus musculus RNKAEDADIE EMAL KLDDVLGDVGQGPAL 444

Danio rerio DLEAEDGELE ESPQRSTELRV--- - - - -- 430

Drosophila m. B T

C. elegans NSSGRRIPINESFDMEND- - - - - - - - - -~ 421

Figure 3 Alignment of SLA/LP protein sequences. The SLA/LP amino acid sequences of various eukaryotic species were aligned by ClustalW. The presumed residues
that mediate binding to the cofactor pyridoxal phosphate are highlighted in bold and underlined; residues that function in dimerization are highlighted in bold and italic. The
immunodominant epitope sequence (390-428) of the human SLA/LP protein is marked in bold.
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Figure 4 Chromosomal localization of SLA/LP genes. The genes adjacent to the
SLA/LP loci on human chromosome 4, mouse chromosome 5, fly chromosome
3R, and worm chromosome V are represented schematically.

algorithms, predicted the existence of SLA/LP structure
between amino acids 61 and 458 and amino acids 61
and 459, respectively. BLASTing the protein sequence
against the translated mouse genome database revealed
the corresponding mRNA NM_172490.1. BLASTing the
mRNA sequence against the draft sequence of the mouse
genome, the corresponding SLA/LP gene was mapped to
mouse chromosome 5qC1. The genomic region spanned
28.5 kb and the mouse SLA/LP gene was organized into
11 exons like the human homolog (Figure 1). Exon sizes
ranged between 91 and 2 927 bp with exon 11 being by
far the largest exon. The 3’ untranslated region was 2 629
bp and the 5 untranslated region was 19 bp. Although
not filed in the GenBank, two murine splice variants are
very likely; the mouse genomic organization and exon
sequences are very similar to the human gene and a
splicing signature similar to that in human beings is present
in the homologous mouse sequence. The presumed splice
variants in the mouse are shown in Figure 2, aligned to the
corresponding human proteins. The theoretical molecular
weight and isoelectric point of the longer splice vatiants is
48.48 ku and 8.80, respectively; that of the shorter variant
is 40.5 ku and 8.71, respectively.

Zebrafish SLA gene sequence and corresponding mRNA
The SLA gene and genomic organization was highly
conserved in fish. BLASTing the human SLA/LP protein
sequence against the zebrafish protein database, revealed
a homolog with the accession number NP_956448. The
zebrafish sequence was identical to the human protein
sequence in 69% of the residues. Both, the NCBI and
Pfam conserved protein domain algorithms, predicted
the existence of SLA/LP structure between amino acids
61 and 459. BLASTing the protein sequence against
the translated zebrafish genome database revealed the
corresponding mRNA NM_200154. Chromosomal
mapping was not possible, since the genomic fragment
containing the SLA/LP sequence was not yet assembled
into the genomic context. The corresponding gene could
only be mapped to the fragment scaffold Zv4_NA8411.1.
Thus a complete exon/intron structure was not yet
available, and potential splice variants could not be
identified.

Drosophila SLA gene sequence and corresponding mRNA
The SLA gene and genomic organization were also

conserved in Drosophila. BLASTing the human SLA/LP
protein sequence against the Drosophila protein database
revealed a Drosophila homolog (two isoforms) with
the accession numbers AAF51994 and AAS65099. The
Drosophila protein sequence has 42% identity compared
to the human protein sequence. However, this may be an
underestimation, as it remains unclear whether the recently
annotated Drosophila SLA/LP sequence is complete.
Both, the NCBI and Pfam conserved protein domain
algorithms predicted the existence of SLA/LP structure
between amino acids 61 and 413 and amino acids 61 and
428, respectively. BLASTing the protein sequence against
the translated Drosophila genome database revealed the
corresponding mRNA NM_141299.1. BLASTing the
mRNA sequence against the draft sequence of the fruit fly
genome, the corresponding SLA/LP gene was mapped to
Drosophila chromosome 3R. The genomic region of the
currently annotated Drosophila SLA/LP gene spanning
approximately 1.6 kb was found to be organized into (at
least) 4 exons. Exon sizes ranged between 114 and 1 021
bp with exon 3 being by far the largest exon. A short 3’
UTR was shown to consist of 115 bp. Thus far, a 5> UTR
was not identified.

C. elegans SLA/LP gene sequence and corresponding
mRNA

The SLA/LP gene and genomic otganization were also
consetved in C. elegans. BLASTing the human SLA/LP
protein sequence against the C. elegans protein database
revealed similarity to C. elegans protein D1054.13 with
the accession number CAA98446. The C. elegans protein
sequence had 42% identity compared to the human protein
sequence. Again, both the NCBI and Pfam conserved
protein domain algorithms predicted the existence of
SLA/LP structure between amino acids 53 and 450.
BLASTing the protein sequence against the translated C.
elegans genome database revealed the corresponding mRNA
NM_073360. BLASTing the mRNA sequence against the
draft sequence of the C. elegans genome, the corresponding
SLA/LP gene was mapped to C. elegans chromosome V.
The genomic region spanned 1.8 kb and the C. elegans
SLA/LP gene was organized in 7 exons. Exon sizes
ranged between 67 bp for exon 3 and 636 bp for exon 5.
A rather short 5 UTR contained 43 bp, a 3> UTR could
not be found in the currently available sequence. Thus, it
remains unclear, whether the currently available sequence
represents the complete protein sequence of C. elegans.

Conservation of SLA/LP homologs

We aligned the protein sequences of the SLA/LP
homologs in human, mouse, fish, fly, and worm (Figure
3). The mammalian sequences were the two closest related
sequences. The invertebrate sequences of Drosophila
and C. elegans sequence were most closely related to each
other; the zebrafish sequence was equally related to the
mammalian and invertebrate sequences.

Chromosomal localization of the human, mouse, fly, and
worm SLA/LP genes

We then studied the neighboring genes in man, mouse,
fly, and worm (Figure 4). Upstream of the human SLA/

www.wjgnet.com
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LP sequence on human chromosome 4 was the gene for
extracellular-superoxide dismutase 3" and the Leucine
rich gene, glioma-inactivated 2. Downstream of the
SLA/LP locus was the phosphatidylinositol 4-kinase type-
1T beta (P14K2B)*" and anaphase promoting complex,
subunit 4. The same structure was found for mouse
chromosome 5 that contains the murine SLA/LP locus.
The genomic structure of SLA/LP loci in fly and worm
did not share these similarities to the mammalian genomes.
The fly SLA/LP homolog was flanked by the gene eIF-5C,
which is involved in long-term memory”” and the gene for
a 26 ku E-subunit of the vacuolar ATPase™, upstream of
the SLA/LP locus. Two currently uncharacterized genes,
Rga-RA (account number AAF51992) and Atu (account
number AAF51991), are located downstream of the fly
SLA/LP gene. The worm SLA/LP sequence was flanked
by a gene (5L.286) encoding protein of unknown function,
upstream, and the serpentine receptor class H (srh-184)"
downstream of the SLA/LP locus.

Conservation of the main antigenic region and main
structural features of folding and dimerization

The dominant autoepitope of SLA/LP autoantibodies
had been identified to locate between amino acids 390
and 428 of the longer human SLA/LP protein sequence
variant (NP_722547)[4’10]. After aligning the homologous
protein sequences (Figure 3), we studied the degree of
sequence conservation in the immunodominant antigenic
region. Human and mouse sequences showed 57% identity
and 71% similarity. All other sequences did not display a
considerable level of similarity compared to the human
epitope sequence.

We then studied the conservation of the residues that
seem to function in protein folding and dimerization"
(Figure 3). The lysine residue at position 224, which
is crucial for covalent binding of the coenzyme PLP
(pyridoxal-5’-phosphate) was conserved in all homologous
sequences investigated. Of the other five residues directly
in contact with PLP, G50, S51, and H189 were identical in
all the homologs, whereas S165 was replaced by alanine in
mouse and D186 was replaced by glutamine in Drosophila
and aspartic acid in C. elegans. Of the residues of monomer
A involved in dimerization, only L.88 was conserved in
all homologous sequences. T89 was conserved in most
species, but replaced by serine in C. elegans. F92 was
replaced by leucine in Drosophila and by methionine in
C. elegans, and otherwise conserved. T94 was conserved
in vertebrates, but replaced by serine in non-vertebrates.
S118 was replaced by arginine in Drosophila. The contact
residues of monomer B, P251 and G252, which mediate
dimerization, were conserved in all the species.

DISCUSSION

SLA/LP autoantibodies have been demonstrated to be
highly specific markers of autoimmune hepatitisH’S]. A role
of SLA/LP autoimmunity in the pathogenesis of AIH is
likely, at least in a subgroup of AIH patients. However,
our current understanding of both, immunogenicity
and biological function of the SLA/LP molecule is
rather limited. To approach the elusive function and
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immunogenicity of SLA/LP, we have characterized the
genomic organization and sequence conservation of the
human SLA/LP molecule and homologous proteins in
other eukaryotic species.

For all homologs, mRNA and genomic sequences were
available from the GenBank'"”. However, in contrast to
human and mouse protein and mRNA sequences, which
seemed to be complete, some genomic sequences have
yet to be completely assembled, and thus did not allow
for complete and final characterization of the genomic
organization. This was especially the case for fish, where
no chromosomal assignment could be made. Nevertheless,
genomic characterization in man, mouse, fly, and worm
was possible.

The two mammalian SLA/LP genes were similar in
organization of the exon/intron structure (Figure 1) and
genomic localization (Figure 4); exon/intron structure
and genomic localization in fish, fly, and worm was cleatly
different from the mammalian sequences. Nevertheless, all
homologs displayed a high degree of similarity and identity
in their amino acid sequences (Figure 3). The similarity
between the most distant species - man and worm - was as
high as 42%. The highest degree of similarity was found
between the human and the mouse amino acid sequences
(Figure 2); both species also have a highly similar exon/
intron structure in the SLA/LP gene (Figure 1). Moreover,
both mammalian species seem to generate similar variant
proteins (Figure 2) by differential splicing of exon 2.
Whether splice variants exist in non-mammalian species
is currently not clear. Previously, the residues, which seem
to mediate dimerization and binding of PLP, have been
identified by molecular modelinglsj. These residues are
highly conserved among the various species studied (Figure
3). Four of six residues that are crucial for PLP-binding
are identical in all the species (G50, S51, H189, K224); the
other two residues ate homologous (S/A165, D/Q185).
Two of the seven residues that mediate dimerization
were identical in all the studied species (L88, G252), the
other residues were equivalent (T/S89, T/S94, S/A118,
P/A251), except for F92, which was conserved in man,
mouse and fish, but substituted by leucine in fly and
methionine in worm.

The query of human protein databases with the human
SLA/LP sequence did not reveal any functional homolo-
gies to other proteins and the primary biological func-
tion of the SLA/LP protein remains unclear. However,
the extraordinary degree of conservation, notably of the
presumed functional residues, suggests that the SLA/LP
protein has an important biological function that relies on
PLP binding. The possible role of the smaller splice vari-
ant remains obscure. It may be speculated that the smaller
protein variant may act as an inhibitor of the elusive func-
tion of the larger variant; the molecular signature of the
smaller variant is not compatible with a PLP-dependent
transferase, as predicted for the larger variant®,

The autoimmune response to SLA/LP is not random,
but displays a remarkable degree of uniformity: SLA/
LP autoantibodies are of a preferred dominant subtype
(IgG1) and recognize the same dominant antigenic region,
which was mapped to a carboxy-terminal domain between
residues 399 and 428 of the longer splice variant (accession
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number NP_722547)!"", Thus, SLA/LP autoimmunity
has features of a highly selected immune response and
seems to be driven by the same mechanism in all the
patients. Of note, the antigenic region is located within
the only domain of the molecule that was not conserved
among the various species (Figure 3). Thus, it appears
that SLA/LP autoimmunity is specific for the self-antigen
and not for homologous sequences from other eukaryotic
species. The possibility that SLA/LP autoimmunity might
be driven by homologous proteins from parasites is
hence quite unlikely. SLA/LP-homologous proteins are
only found in eukaryotes and archaebacteria, but not in
cubacteria”. Nevertheless, a few homologous sequences
from bacterial or viral proteins with some degree of
similarity to the antigenic epitope of the SLA/LP protein
do exist; however, these are not recognized by SLA/LP
autoantibodies"”. Likewise, the corresponding sequence
of an archaebacterial SLA/LP-homolog is also not
recognized by SL.A/LP autoantibodies"”. Therefore, SL.A/
LP autoimmunity in patients is very likely driven by the
self-SLA/LP molecule rather than by a mechanism that
involves molecular mimicry.
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