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The H-2K® gene is a member of the large major histocompatibility complex
class I gene family. Since many members of this family cross-hybridize with class
I cDNA probes, the cloned H-2K® gene was identified by hybridization with
specific oligonucleotide probes. This clone was definitively shown to encode the
H-2K" polypeptide by partial DNA sequencing and by serological and tryptic
peptide analyses of the expressed product.

The murine transplantation antigens are a parative tryptic peptide analysis. Finally, the
group of biochemically similar proteins, collec- partial DNA sequence of the gene was found to
tively referred to as class I molecules, which are  encode a protein identical to the previously
coded for by a multigene family on chromosome  published H-2K® antigen (11). The isolation of
17. These genes (K, D, and L) are located within  these clones has allowed us to determine the
the H-2 major histocompatibility complex and complex DNA coding sequence for the H-2K®
are highly polymorphic (5). Since members of antigen.
the major histocompatibility complex multigene To construct specific probes, we synthesized
family are 80 to 90% homologous and therefore  oligonucleotides complementary to two regions
extensively cross-hybridize with class I cDNA  of class I genes (Z.-K. Tan, S. Ikuta, T. Huang,
probes, identification of an individual member A. Dugaiczyk, and K. Itakura, Cold Spring
within the gene family requires the demonstra- Harbor, Symp. Quant. Biol., in press). The first
tion of its expressed product in transformed cells  region represents the coding sequence for amino
or on random sequencing of each of the mem- acid positions 62 through 68. In this region, the
bers. As an alternative, we used synthetic oligo- amino acid sequence of the two b haplotype
nucleotide probes, constructed to display great- transplantation antigens H-2K"® and H-2D" are
er hybridization specificity than do cDNA the same, but the amino acid sequences of
probes, to distinguish the H-2K® gene from the transplantation antigens from other haplotypes
rest of the class I gene family. By comparing differ (Table 1). The second region represents
published class I sequences from our (9, 11, 13-  the coding sequence for amino acid residues 94
15) and other (2, 4, 8, 16, 19) laboratories, we  through 100. Every murine class I antigen has a
have defined an H-2K%-associated oligonucleo-  different sequence in this region (Table 1), H-
tide sequence (19 bases) within the coding se- 2KPand H-2D" differing by six nucleotides in the
quence for amino acid residues 94 through 100. DNA sequence. For region 1, a 19-base oligonu-
A recombinant genomic DNA library was cleotide designated K’DP-19 was chemically
screened with class I probes, and 35 positive  synthesized on the basis of the H-2K® DNA
clones were subsequently tested with the specif-  sequence (13). This oligonucleotide is comple-
ic nonadecanucleotide probe. Two clones hy- mentary to the H-2K" DNA sequence and may
bridized with the nonadecanucleotide. Subse- be expected to be complementary to H-2D® as
quently, both were shown to be identical by  well (Table 1). For region 2, two 19-base oligo-
DNA restriction analysis. One clone (C1.4.1) nucleotides were synthesized, one complemen-
was analyzed by classical techniques to demon-  tary to the H-2K® sequence (K®19) and the
strate the presence of the H-2K® gene. The other complementary to the H-2D® sequence
expressed product of the cloned DNA was char- (DP-19) (Table 1).
acterized with serological techniques and com- A genomic library was prepared in the A
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TABLE 1. Sequences of oligonucleotide probes and comparison with class I sequences®

751

No. of differences

Region Sequences with respect to:
KD"-19 Db-19
1 Probe K°D®19 3 GCC CTC TGT GTC TTT CGG T 5
K® CGG GAG ACA CAG AAA GCC AAG 0
Arg Glu Thr Gin Lys Ala Lys
Db Arg Glu Thr Gin Lys Ala Lys —*
L CGG ATC ACG CAG ATC GCC AAG 6
Arg Ile Thr Gln Ile Ala Lys
27.1 CGG GAG ACA CAG ATG GCC AAG 2
Arg Glu Thr Gin Met Ala Lys
K¢ Glu Gln Thr Gin Arg Val Lys —
D¢ Arg Glu Thr Arg Arg Ala Lys —
Kk Arg Thr Ala Lys —
AA positions 62 68
2 Probe K19 3 GAT AAG TCC ACT AGA GAC C¥
Probe D°-19 33 GTG AGG TCG TCT ACA GAC C¥
K® ACT ATT CAG GTG ATC TCT GGC 0 6
Thr Ile Gln Val Ile Ser Gly
Db ACA CTC CAG CAG ATG TCT GGC 6 0
Thr Leu Gln Gin Met Ser Gly
L ACA CTC CAG TGG ATG TAC GG 8 4
Thr Leu Gin Trp Met Tyr Gly
271 ACA CTC CAA TGG ATG TAT GGC 8 4
Thr Leu Gin Trp Met Tyr Gly
K¢ Thr Phe Gln Arg Met Phe Gly — —
D¢ Thr Leu Gln Trp Met Ala Gly — —
Kk Thr Ile Tyr Ile — —
AA positions 94 100

¢ Sequences of oligonucleotide probes and comparison with class I sequences. The sequence of synthetic
oligonucleotide probes is shown and compared with previously published protein and DNA sequences from class
1 molecules (data taken from K® [11, 13, 14], D® [15], LY [2, 8], 27.1 [19], K¢ [4], D9 [9], and KX [16]).
Oligonucleotides were synthesized by the phosphotriester solid-phase method as described previously (Tan et

al., in press).
& _, Data not available.

bacteriophage vector Ch4 with DNA isolated
from spleens of CS7BL/6Kh mice (b haplotype)
as described previously (6). Recombinant phage
were screened with probes prepared from class I
antigen cDNA clones pH-2III and pH-2I1a (18).
Phage that hybridized with the class I-specific
!)robes were subsequently rescreened with §'-
2P-labeled oligonucleotides K°®DP-19, KP-19,
and D-19. The DNA of five representative class
I clones (Fig. 1) was digested with Xbal endonu-
clease and analyzed by blot hybridization to
illustrate the specificity of the probes pH-2III
(Fig. 1A), K®D®-19 (Fig. 1B), and K®-19 (Fig.
1C). All of the DNA samples hybridized with the
class I antigen probe pH-2III; two of them

hybridized with the K®D®-19 probe. It was clear
that only C1.4.1 DNA hybridized with the K®-19
probe. The DP-19 probe did not hybridize to any
of the DNA samples. Of the first 35 clones which
hybridized with pH-2III, 12 hybridized with
K®DP-19 and the remainder did not. The oligonu-
cleotide K-19 hybridized to 2 of these 12 clones
(designated C1.4.1 and C1.8.1), whereas DP-19
did not hybridize to any of the clones. Region 1
(Table 1) contains sequences which are common
among several but not all class I genes; region 2
contains sequences which are restricted to a
smaller subset of sequences, including the H-
2KP® gene, and may be unique to H-2K>.
Several approaches were used to determine
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whether clone C1.4.1. actually contained the H-
2K® gene. DNA isolated from the purified phage
was introduced into the cell line Ltk™ by co-
transformation with a herpesvirus thymidine ki-
nase gene by procedure described previously
(22). After 20 days of selection in hypoxanthine-
aminopterin-thymidine medium, the surviving
cells were tested directly for the antigenic
expression of H-2K® by an anti-mouse immuno-

o - - - -

A B C

FIG. 1. Hybridization specificity of oligonucleo-
tide probes. The DNA from five Charon 4 clones
containing class I sequences were isolated from phage
lysates as described previously (6). Digestion of the
DNA with the endonuclease Xbal was performed
according to the directions of the supplier (Bethesda
Research Laboratories, Inc., Gaithersburg, Md.). The
resulting DNA fragments (1 pg per lane) were fraction-
ated by electrophoresis on four identical 0.8% agarose
gels in 40 mM Tris-acetate (pH 7.9)-1 mM EDTA for
16 h at 1 V/cm. The DNA fragments were transferred
to nitrocellulose paper by the blotting procedure de-
scribed previously (12). The nitrocellulose filters were
hybridized with the nick-translated class I probe
pH2III (A), 5'-[*2P]K®DP-19 (B), and 5'-[*?P]K"-19 (C).
Hybridization conditions in (A) were carried out as
described previously (12). In (B) and (C) hybridization
was done in 0.9 M NaCl-0.18 M Tris (pH 8.0)-0.012 M
EDTA-10x Denhardt solution-0.1% sodium dodecyl
sulfate with 10 ng of labeled oligonucleotide probe
(specific activity, =10° cpm/pg) per ml at 55°C for 2 h.
The oligonucleotides were labeled as described previ-
ously (21). The filters were washed at room tempera-
ture for 15 min with three changes of 0.9 M NaCl-0.09
M sodium citrate and again at 55°C for 1 min with the
same buffer and then dried and autoradiographed. The
D"-19 probe was found not to hybridize to any of the
class I clones (data not shown). Lanes contain DNA as
follows: a, C1.4.1; b, A5.2.1; ¢, 18N.3.1;d, A9.1.1; ¢,
C1.7.1. Lambda phage DNA digested with HindIII
endonuclease was included as a DNA fragment size
marker. The position and size (in kilobases) of the
fragments are shown to the right.
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TABLE 2. Serological analysis of transformed L
cells with a rosette assay”

Positive/total clones

Antiserum Antigen
detected pk + C1.4.1 Ptk alone

B6-H-2¥ anti-EL4 H-2° 20/28 0/35
(BALB/C x A/))

anti-HTI H-2K® 34/40 0/35
A/J anti-HTH H-2D" 0/40 0/35
(BALB/C x B6)

anti-BP8 H-2Kk 20/20 35/35

“ Cotransformed L cells, surviving 20 days of selec-
tion in hypoxanthine-aminopterin-thymidine medium,
were incubated with anti-H-2 antisera. Binding of
immunoglobulins to the surfaces of L cells was visual-
ized by rosettes formed between the L cells and
human erythrocytes coated with rabbit anti-mouse
immunoglobulin as described previously (1). As a
control, anti-H-2K* antiserum was shown to bind to
cells transformed with either the herpesvirus thymi-
dine kinase gene (ptk) plus C1.4.1 or the herpesvirus
thymidine kinase gene alone, since Ltk ™ cells are H-2%
haplotype.

globulin rosette assay (1). The L cells which
were cotransformed with herpes simplex virus
DNA and with the genomic clone C1.4.1 ex-
pressed the H-2K® antigen (Table 2). Absorption
tests in which cotransformed cells were used as
targets were performed to verify the results
obtained by the rosette assay (Table 3) and
confirmed that the transformed L cells express
H-2K® serological determinants. Previous re-
ports (2, 3, 8) in which a similar analysis of
transformed Ltk~ cells was used yielded the
unexpected result that different genes derived
from the same haplotype encode indistinguish-
able products by their serological markers. Con-
sequently, we have examined the H-2K® prod-
uct of the C1.4.1 transformed cell line by
comparative tryptic peptide analysis.

One of the transformed cell lines (C1.4.G1)
was metabolically labeled with [*H]arginine.

TABLE 3. Specificity of anti-H-2° binding as
determined by absorption assay

Absorption with:
H-2K

Absorption

Strain H-2D

B6
B10.A(3R)
B10.A(5R)

BALB/C
BALB.B
BALB.G

(=W g =Ne e go
I+ 1+ ++

goaaag

“ The absorption test, in which cloned cotrans-
formed L cells were used as targets, was performed by
abosrbing B6-H-2* anti-EL4 serum with mouse spleen
cells from genetically defined inbred strains. The ab-
sorbed sera were tested with the direct binding assay
(Table 2).
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FIG. 2. Tryptic peptide comparison between H-2K® glycoproteins from C1.4.G1 transformed L cells and
C57BL/6Kh mouse spleen cells. [*H]arginine-C1.4.G1 (- --) and ['*Clarginine-C57BL/6Kh (——) H-2K"
glycoproteins were digested with trypsin and resolved on an ion exchange column (Spherix XX8-60-0 resin;
Phoenix Co., Long Island, N.Y.) developed with a pyridine-acetate gradient as described previously (10).

Glycoproteins were isolated from the solubilized
membrane fraction (10), and molecules bearing
H-2K® serological specificities were immuno-
precipitated. These molecules were mixed with
a similarly prepared immunoprecipitate derived
from ['*Clarginine-radiolabeled CS7BL/6Kh
mouse spleen cells. A comparative tryptic pep-
tide map of the 44,000-molecular weight glyco-
proteins from the transformed cell line C1.4.G1
and the spleen cells is shown in Fig. 2. There
was complete concordance between the argi-
nine-labeled peptides, thus providing biochemi-
cal evidence that the C1.4.1 clone encodes the
H-2K® gene.

Since approximately 80% of the DNA se-
quence is available for the coding region of the
K" gene (13, 14), we isolated the Xbal restriction
fragment that contains the previously unse-
quenced portion of the gene and determined the
remaining DNA sequence by dideoxy sequenc-
ing (17) directly on the isolated fragment. The
KP®-19 oligonucleotide, as well as an oligonucleo-
tide (9 bases long) complementary to K®-19 (see
Fig. 3), were used as primers (20). The deduced
DNA sequences, when translated into an amino
acid sequence, agreed completely with that pre-
viously determined for H-2K® amino acids 1-91
(11). In addition, the expected intron-exon
boundaries (19) are found interrupting the co-
dons for residues 1 (Gly) and 91 (Gly). The data,
together with the partial K® sequence report
earlier (13, 14), provides the complete sequence

of the coding region for the H-2K® gene. A
restriction map of the EcoRI endonuclease frag-
ment that encodes the K gene is also shown in
Fig. 3.

Mellor et al. (7) have recently reported the
isolation of an H-2K" gene from a cosmid library
constructed with spleen DNA from C57BL/10
mice. Since our primary interest is in the analy-
sis of the H-2K® mutants, the H-2K" gene isolat-
ed in this study was from C57BL/6Kh, the strain
from which the mutants arose. This gene should
prove invaluable for the elucidation of the mech-
anism of these mutations. In our approach,
hybridization to oligonucleotides is used as a
criterion for gene identification as an alternative
to L cell cotransformation or random DNA
sequencing of cross-hybridizing members of a
gene family. This technique could be applied to
the identification of genes even if the genetic
sequences cannot be expressed in cotrans-
formed L cells. We have recently shown (1a)
that even genes which differ by only a single
nucleotide can be differentiated on the basis of
hybridization to specific oligonucleotides.
Therefore, this approach has broad applicability
to other multigene families.

Using synthetic oligonucleotides, we identi-
fied the following three types of class I genes in
this study, on the basis of hybridization behav-
ior: (i) K°D®-19 and K19 negative (ii) K’D"-19
positive and K®-19 negative, and (iii) K’DP and
KP positive. It is possible that as yet unidentified
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TGGTCCGGGTCTCACCGCGCGCCGCCCCCAGGCCCACAC

Ser Arg  Tyr Phe
TCGCTGAG

Leu Gly Glu Pro Arg
CTCGGGGAGCCCCGGT

30
Asp

Tyr

Thr  Glu Phe Val Arg
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val Thr Ala Val
GTATTTCGTCACCGCCGTGTCCCGGCCCGGC
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FIG. 3. Partial DNA sequence and restriction map of a 10.5-kilobase EcoRI subclone of C1.4.1. The 1.8-
kilobase Xbal fragment containing the region of the gene complementary to the probes K"D-19 and K"-19 (Fig.
1) was isolated and sequenced by the dideoxysequencing method as described elsewhere (20), with K?D-19 and
the nonamer 5' CGGGAGACA 3’ as sequencing primers. The DNA sequence and the deduced amino acid
sequence are shown. A number of the amino acid residues is as found in the mature protein (11). Codons 1 (Gly)
and 91 (Gly) are interrupted by splice sites (A, 19). The restriction map shows the positions of EcoRI (R), BamH]I
(B), Smal (S), Xbal (X), and BgllI (Bg) endonuclease sites. The region of the clone that hybridizes to the class I
cDNA probes pH-211I and pH-2I1a is designated by the broken line. Transcriptional orientation was determined
by DNA sequencing and blot hybridization results. The region sequenced is shown.

genes would be K°D®-19 negative and K19
positive, showing independent assortments of
these two regions in the genome. This point
awaits further study. The two clones that hy-
bridized to both K®D®-19 and K°-19 probes
contained the H-2K® gene.
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