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SUMMARY: Two overlapping cDNA clones coding for bovine major histocompatibility
complex (MHC) class II antigen DRA chain were isolated and characterized. The full-length
¢DNA clone, MR1, encoded a primary translated product of 253 amino acids, 24 of which were
deduced to be a signal peptide and 229 which formed a mature polypeptide. The amino acid
sequences deduced from this clone resembled those of class Il A molecules from other species in
both size and structure, but no potential consensus site of N-linked glycosylation comparable to
those in the human, mouse, rat and swine proteins was found in the o2 domain, as well as ovine
and equine DRA molecules. Comparison of amino acid sequences encoded by class I A genes
among several species and a dendrogram constructed from these data places the DRA gene and the
DQA/DYA genes on two distinct branches of a phylogenetic tree, with bovine DRA and ovine
DRA being most similar on the DRA branch.  © 1994 acadenic Press, Inc.

The major histocompatibility complex is an extensive genetic region of clustered genes that control
the regulation of the immune response (1). In cattle, the class II genes, at the locus designated
BolLA-D, have been found to control mixed lymphocyte reactivity (2). Studies of restriction
fragment length polymorphism (3,4) and the characterization of cloned bovine class II genes (5)
indicate that the organization of BoLA is similar to that of /LA in man. Evidence has been
obtained for presence of a single DRA gene, multiple (at least three) DRB genes, one or two DQA
and DQOB genes (depending on the haplotype), single DOB and DNA genes, and nonorthologous
genes DYA, DYB and DIB (3,4, 6-9). At present, however, very little information is available
about the bovine a-chain sequence. The sequences of three partial genomic clones, representing
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one DRA, one DQA and one DYA genes, and that of one partial cDNA clone representing DRA
have been reported (10,11), whereas the sequence of exon 1, which encodes the signal peptide of
these bovine a-chains, is not yet of record. Moreover, as compared to the human gene, little is
known about the role of class II in the regulation of the immune response, or about associations
between class II genes and disease susceptibility in cattle. Therefore, as a first step towards an
understanding of these issues, we have isolated and characterized a full-length cDNA clone for
bovine DRA. We have also studied phylogenic relationships based on nucleotide sequences.

MATERIALS AND METHODS

Preparation of ¢cDNA library. Total RNA was isolated from bovine lymphoid cell line
BLSC-KU-1 (12) by the guanidine isothiocyanate/CsCl method (13), and poly(A)* RNA was
purified by chromatography on oligo(dT)-cellulose. Double-stranded cDNA was synthesized by a
modified version of the Gubler-Hoffman method (14) and ligated with non-palindromic BstX1
linkers (15). The cDNA was size-fractionated (>1.0 kb) by potassium acetate gradient
centrifugation, ligated to the mammalian expression vector pCDMS (16) and introduced into E. coli
Mc1061/P3.

Isolation and characterization of BoLA-DRA c¢DNAs. To screen the cDNA library,
Hybond™-N nylon filters (Amersham, UK) containing approximately 5 x 103 colonies of the
c¢DNA library were screened with the 1.1 kbase pairs (bp) Pstl fragment of HLA-DPA cDNA
clone, pDAx1-4 (17), by colony hybridization under low-stringency conditions. Plasmid DNAs
were isolated and subcloned into pBluescript II SK (+) (Stratagene, Heidelberg, Germany), and
the nucleotide sequences of both strands were determined by the dideoxy chain-termination method
(18) using a BcaBEST  sequencing kit (Takara Shuzo Co., Shiga, Japan). Computer analyses
were performed with the program package from the Wisconsin Genetics Computer Group, which
included FASTA and TFASTA (19).

Construction of dendrograms. Amino acid sequences were aligned, genetic distances
between proteins were calculated by Kimura's two-parameter method (20) and dendrograms were

constructed by the neighbor-joining method of Saitou and Nei (21).

RESULTS AND DISCUSSION

Approximately 5 x 103 colonies were screened with a human DPA ¢cDNA probe by colony
hybridization under low-stringency conditions, and one positive clone KR1 (1,051 bp) was
isolated. The nucleotide sequence of this clone was identical to the sequences of exons 2, 3, and 4
of a genomic BoLA-DRA clone, W3, reported by van der Poel et al. (10). The cDNA did not,
however, contain the sequences of the leader peptide and part of the a1l domain, suggesting that
the 5' end of the gene in the KR1 clone had been deleted. To obtain a full-length cDNA clone that
encoded BoLA-DRA, we rescreened the library (approximately 1 x 103 colonies) with a 0.6-kb
DNA fragment of the 5' end of KR1 as a probe under high-stringency conditions and a total of
three positive clones were isolated. Clone MR1, with the largest insert, was selected and
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characterized. Analysis of the nucleotide sequence of MR1 demonstrated that MR1 and KR1 were
identical over the 1,007 overlapping bases, and that the MR 1 clone was an analogue of the bovine
DRA gene.

The complete nucleotide sequence and deduced amino acid sequence of MR1 are shown in
Figure 1. The cDNA sequence is 1, 240 nucleotides (nt) long with a single open reading frame

S'UT Isp
1 AAGACACTGACTCTCATCGAGACACCGAAGAAGAAAATGGCCATAACCAGGGTCCCAATA
MetAlalIleThrArgValProlle

lal
61 TTAGGACTTTTCATCACTGTCCTGATCGGCCTACAGGAATCGTGGGCTATTARAGAGAAT
LeuGlyLeuPheIleThrValleulleGlyLeuGlnGluSerTrpAlalleLysGluAsn

121 CATGTGATCATCCAAGCTGAGTTCTATCTGAAACCTGAGGAATCAGCCGAGTTTATGTTT
HisValIlelleGlnAlaGluPheTyrLeulysProGluGluSerAlaGluPheMetPhe

181 GACTTTGATGGTGATGAGATTTTCCACGTGGATATGGGGAAGAAGGAGACGGTGTGGCGG
AspPheAspGlyAspGlullePheHisValAspMetGlyLysLysGluThrValTrpArg

241 CTTCCAGAATTTGGACATTTTGCCAGCTTTGAGGCTCAGGGTGCCCTGGCCAATATGGCT
LeuProGluPheGlyHisPheAlaSerPheGluAlaGlnGlyAlaLeuAlaAsnMetAla

301 GTGATGAAAGCCAACCTGGACATCATGATAAAGCGCTCCAACAACACCCCAAACACCAAT
ValMet LysAlaAsnLeuAsplleMet IleLysArgSerAsnAsnThrProAsnThrAsn
ja2

361 GTTCCTCCAGAAGTGACTCTGCTCCCAAACAAGCCTGTGGAACTGGGAGAGCCCAACACA
ValProProGluValThrLeuLeuProAsnLysProValGluLeuGlyGluProAsnThr

421 CTCATCTGCTTCATTGACAAGTTCTCCCCACCCGTGATCAGTGTCACATGGCTTCGAAAT
LeulleCysPheIleAspLysPheSerProProVallleSerValThrTrpLeuArgAsn

481 GGCAAACCTGTCACTGATGGAGTGTCACAGACGGTCTTCCTGCCCAGGAATGACCACCTT
GlyLysProValThrAspGlyValSerGlnThrValPheLeuProArgAsnAspHisLeu

541 TTCCGCAAGTTCCACTACCTCCCCTTCCTGCCCACAACAGAGGATGTCTATGACTGCAAG
PheArgLysPheHisTyrLeuProPheLeuProThrThrGluAspValTyrAspCysLys
icp
601 GTGGAGCACTTGGGTTTGAATGAGCCTCTTCTCAAGCACTGGGAGTATGAAGCTCCAGCC
ValGluHisLeuGlyLeuAsnGluProLeuleuLysHisTrpGluTyrGluAlaProAla
JTM
661 CCCCTCCCAGAGACCACAGAGAATGCAGTGTGTGCCCTGGGCCTGATTGTGGCTCTGGTG
ProLeuProGluThrThrGluAsnAlavValCysAlalLeuGlyLeulleValAlaLeuVal

VCY
721 GGCATCATTGCAGGGACCATCTTCATCATCAAGGGCGTGCGCAAAGCCAACACCGTTGAA
GlyIleIleAlaGlyThrIlePhellelleLysGlyValArgLysAlaAsnThrValGlu
{3uT
781 CGCCGAGGGCCTCTGTGAGGCGCCTGCAGGTAATGGACTTTGTTACAGAGAAGATCAATG
ArgArgGlyProLeu***

B41 AAGATATTTCTGCCTTAATAGCTTTACAAACCCGGCAATTCTCCAATTGTTCACCTCACT
901 GAAGACCACCATGCTTCAGCACTTCCCAGTCCTTTACTTACCCTAAGAGTAAGATGCCTT
961 CCACAATCTCCAGATTCTAATCTCTAGTTATTCCCTGTCTACTGCTCCTTCTTGTATTGG
1021 TTTTCCCTCCATTTTCCACTGTCTTCTTATTATCACCATGTAATGCCTTTGGARTGGACC
1081 CCATAGGATCCTTTTTTTTCCTGCTACAGAACCTTTGGAAAGTTCTATGGGTGCATCTCT
1141 TGTACACTTATTACTTGGAGTTTCTTCTAACTGTGATTGTCATTTTTCTGAATACAGTAA
1201 ACTTCAAGTGGGTCTCAGGTTGAAAAAAAAAAAAAAAAAA 1240

Figure 1. The nucleotide sequence of the BoLA-DRA cDNA clone MR1 and the deduced amino
acid sequence. The numbers indicate the numbering of the nucleotide sequence. Arrows
designate the putative a-chain domains: 5'UT, 5'-untranslated region; SP, signal sequence; al,
first domain; a2, second domain; CP, connecting peptide; TM, transmembrane domain; CY,
cytoplasmic domain; and 3'UT, 3'-untranslated region are indicated. The potential sites of N-
linked glycosylation and two conserved cysteines are indicate in bold face and the nucleotides
forming a stop codon are indicated by asterisks.

197



Vol. 204, No. 1, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

that begins with an ATG initiation codon (nt 37 to 39) and ends with a TGA stop codon (nt 796 to
798), predicting a coding sequence of 253 amino acids. The N-terminal region of the putative
protein begins with the codon ATT for isoleucine at nucleotide position 109, suggesting that there
is a signal sequence of 24 predominantly non-polar amino acids, so that the mature protein
contains only 229 amino acids. The mature BoLA-DRA polypeptide contains an amino-terminal
a1 extracellular domain (positions 1 to 84), an a2 extracellular domain (positions 85 to 178) and a
stretch of residues that contains a connecting peptide of 13 amino acids (positions 179 to 191), a
highly hydrophobic membrane-anchoring domain of 23 amino acids (positions 192 to 214), and a
cytoplasmic tail of 16 amino acids (positions 215 to 229). There is a 3'-untranslated region of 424
nucleotides before a poly(A) tail. No consensus polyadenylation signal, ATTAAA, was found in
the 3'-untranslated region. It is of interest here that no polyadenylation signal was also found in
the ovine DRA gene described by Fabb et al. (22). Thus, MR1 encoded the complete precursor
molecules encoded by BoLA-DRA, with a calculated Mr of 28,269 for the nonglycosylated
polypeptide that includes the signal sequence.

Figure 2 shows a comparison of the predicted amino acid sequences from the MR1 clone and
from genes for MHC class II a-chains from ovine, human, swine, equine, mouse, rat and cow.
In the signal peptide region, MR1 encodes two amino acids fewer than those encoded by the
human, mouse and rat DR A, but two more amino acids than are encoded by the swine DRA gene.
Likewise, the lengths of all the other functional domains (al, &2, CP, TM, and CY) encoded by
MRI1 c¢DNA are quite similar to those encoded by the human, equine and swine genes, while being
one amino acid shorter than those encoded by the rat and mouse genes. By contrast, all domains
encoded by MR1 seem to be of the same size as those encoded by the ovine DRA, to which the
greatest similarity was noted. As shown in Table 1 and Figure 2, it is evident that the signal
peptide contains most of the variable region of the molecule in mammalian equivalents. In
contrast, although virtually every amino acid site shows variations between species, there are some
blocks of highly conserved residues composed of positions 26-30, 102-107, 120-125, 161-170,
173-178, and 195-199. In particular, in the &2 domain there are two conserved cysteine residues
at positions 107 and 163 which form a disulfide loop of 55 amino acids resulting in an
immunoglobulin-like structure of alternating B-pleated sheets and bends. All of ten residues that
are highly conserved in the immunoglobulin chain (positions 142, 145, 151, 161, 163, 165, 167,
170, 173 and 178) (23,24) are present in the protein encoded by MR1, as indicated by dotted
boxes. In contrast to the DRA molecules of human, swine, rat and mouse, which have the two
potential sites of N-linked glycosylation with the conserved positions (positions 78 and 118) in
both the ol and a2 domains, the bovine DRA molecule has only a single potential site of N-linked
glycosylation in the ol domain, as do also the ovine and equine DRA molecules.

A comparison of the predicted amino acids in each domain encoded by MR1 and genes for
MHC class II a-chains of bovine, ovine, human, swine, equine, mouse and rat origin is shown in
Table 1. The MR1-encoded protein exhibits a clone which has 100% identity in terms of the
previously published sequences of exons 2, 3, and 4 of a bovine DRA gene, W3 (10), but only
47.8% and 54.2% identity to those encoded by bovine DYA and DQA genes, respectively. In
addition, the extent of the identity between the putative bovine protein and putative ovine, human,
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MR1

BoLA-DRA (W3)
OLA-DRA
HLA-DRA
SLA-DRA
ELA-DRA
H2-IEa
RT1.Da
BoLA-DQA (W1)
BoLA-DYA (R2)

MR1

BOLA-DRA (W3)
OLA-DRA
HLA-DRA
SLA-DRA
ELA-DRA
H2-1Ea
RT1.Da
BoLA-DQA (N1)
BoLA-DYA (R2)

MR1

BOLA-DRA (W3)
OLA-DRA
HLA-DRA
SLA-DRA
ELA-DRA
H2-1Ea
RT1.Da
BoLA-DQA (W1)
BoLA-DYA (R2)

MR1

BoLA-DRA (N3)
OLA-DRA
HLA-DRA
SLA-DRA
ELA-DRA
H2-1Ea
RT1.Da
BoLA-DQA (W1)
BoLA-DYA (R2)
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Figure 2, Comparison of the amino acid sequence predicted from the BoLA-DRA cDNA clone
MR1 with those predicted from genes for the MHC class I a-chains of other species including
ovine (OLA), human (HLA), swine (SLA), equine (ELA), mouse (H2), rat (RT) and bovine
(BoLA). Substituted amino acids, gaps (.) and amino acid identities (-) are indicated. Sequences
used for the alignments were taken from reports by Fabb er al. (22) for OLA-DRA, Koppelman
and Cresswell (25) for HLA-DRA. Hirsch et al. (26) for SLA-DRA, Holowachuk et al. (27) for
RT1.Da, Hyldig-Nielsen et al. (28) for /i2-iEa, Albright et al. (29) for ELA-DRA, and van der Poel et
al. (10) for BoLA-DRA (W3), BoLA-DQA (W1) and BoLA-DYA (R2). Arrows indicate the two
cysteine residues that are presumed to form an interchain S-S bond. Potential sites of N-linked
glycosylation are boxed. Highly conserved residues in the immunoglobulin-like region are
indicated by shaded boxes.

swine, equine, mouse and rat proteins is rather high, ranging from 70% to 96%. Thus, the bovine

DRA molecule exhibits greater homology to the DRA molecules of other mammalian species than
to the bovine DQA and DYA molecules. The genetic relationships among MHC class II a-chains

were further investigated by construction of a phylogenetic tree using the neighbor-joining method

(Fig. 3). Phylogenetic analysis revealed the same tendencies as the abovementioned results. The

shape of the tree clearly shows that the DRA gene and the DQA/DYA genes form two separate
major branches, and the MR1 clone is on the DRA branch, rather than on the DQA /DYA branch.
These results suggest that DRA genes of bovine and other mammalian species might have arisen

independently after the divergence of these species from a common ancestor. The phylogenetic

tree also indicates that the sequences of various mammalian DRA genes form three main branches
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Table 1. Similarities in terms of predicted amino acid sequences? among MR1 cDNA and
genes for class II a-chains from several species*, expressed as percentages

SP al a2 CP/TM/CY Total
BoLA-DRA (W3) B 100 100 100 100
OLA-DRA 95.8 95.2 94.7 98.0 95.7
HLA-DRA 66.7 83.3 84.0 80.4 81.4
SLA-DRA 58.3 85.7 84.0 804 79.8
ELA-DRA - 85.4 87.2 80.4 85.0
H2-IEa 37.5 75.0 75.5 60.8 68.8
RT!.Da 37.5 77.4 76.6 58.8 69.6
BoLA-DQA (W1) - 439 62.8 549 54.2
BoLA-DYA (R2) - 439 54.3 44.0 47.8

#The regions indicated in the Table are defined in the legend to Figure 1.

* Amino acid sequences deduced from genes for class II e-chains were taken from
the references listed in the legend to Figure 2.

(Fig. 3). One branch contains MR1, W3 and the ovine DRA gene, suggesting that the BoLA-
DRA is closest to the ovine gene. Indeed, ovine DRA shares the greatest overall similarity in
terms of predicted amino acid sequence to MR1 (95.7%), as shown in Table 1. Human, swine
and equine DRA genes can all be included on one branch and they exhibit approximately 80%
identity in terms of being encoded to MR1. In addition, rat and mouse DRA genes are located on
the other branch, and these are the least similar to MR1 (69.6% and 68.8%, respectively). Thus,
the BoLA-DRA gene is more different from the DRA genes of rat and mouse than it is from the
DRA genes of the human, pig and horse. These results suggest that bovine DRA and ovine DRA
branched off from the equine/human/swine lineage after the bifurcation of the mouse/rat and
equine/human/swine/ovine /cattle lineages.

MR1 is the first cDNA clone of a bovine DRA gene. The absence of variations in our clone at
residues of which amino acids are highly conserved among products of mammalian class IT A
genes supports the notion that this gene may be expressed and functional. Further study is

oron ’ — BoLA-DOA (W1)
otte BoL A-DYA (R2)

Ut £l A-DRA

HLA-DRA

SLA-DRA
0.00

. MR1

oy
°*dgos A-DRA (W3)
22Ol A-DRA

0.170

0.082

L eem [ HZiEa
Lsow  pr1pa

Figure 3. Phylogenetic tree showing evolutional relationships among MHC class II o genes,
constructed from predicted amino acid sequences of the al, a2, CP, TM, and CY regions. The
sequences used are those shown in Figure 2. Numbers above the horizontal lines indicate the
evolutional distance between one protein and another.
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required to characterize the expression and function of this clone. Recently, as a first step towards
an understanding of these events, we isolated and characterized full-length cDNAs for bovine
DRB. Further, the DRB clone and the DRA ¢DNA clone described here have been used to
transfect fibroblasts and attempts are being made to determine whether the BOLA-DRABR dimer is
expressed on the surface of these cells. Thus, the availability of this cDNA clone will facilitate

investigations of issues such as genomic organization, regulation of gene expression, and

structure/function relationships.
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