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The major histocompatibility complex
(MHC) plays an important role in the regu-
lation of the immune response in verte-
brates. The MHC in man (HLA) and the
mouse (H-2) is the most thoroughly studied
case of a complex of linked genes (see [1]
for a review). The H-2 locus maps on the
murine chromosome 17 (Fig. 1). Three dif-
ferent types of proteins are encoded by the
H-2 region. The class I molecules regulate
the killing of virus-infected cells. The virus
antigen is recognized in association with
class I proteins. This is known as MHC re-
striction of T-cell recognition [2]. The best-
characterized classI molecules are the
classical transpantation antigens found on
virtually all cells, encoded by the H-2K,
H-2D, and H-2L loci. Class I antigens are
also encoded by the T'L complex, adjacent
to the classical H-2 loci. The Qa and Tla
proteins are lymphoid differentiation anti-
gens. Class I molecules are intrinsic mem-

brane proteins with molecular weights
(MW) of 40,000—-45,000. They are associat-
ed with a smaller polypeptide, B, micro-
globulin, MW 12,000, not encoded by chro-
mosome 17. The class II genes were orig-
inally discovered as immune-response
genes. They regulate the interaction of
T-helper cells and B cells to induce anti-
body production [3]. The class III mole-
cules encoded by the H-2 region are com-
plement components. One of the most re-
markable properties of the H-2 antigens is
their genetic polymorphism. In fact, about
50 alleles at both the H-2K and H-2D loci
have been detected. In this aspect, they dif-
fer sharply from almost all other genes. We
are particularly interested in how the H-2
polymorphism is generated. We think it
likely that the analysis of the class I genes
by recombinant DNA techniques will pro-
vide some clues to the nature of the poly-
morphism.
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Fig. 1. Genetic map of the murine H-2 and associated genetic loci. The top line shows a diagram of
chromosome 17 with the centromere on the left. The bottom line shows an expanded diagram of the
regions between the H-2K locus on the leff and the T'L locus on the right. H-2 class I molecules (C0)
are expressed from at least four separate genetic loci as shown by the arrows below the line
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Fig. 2. Scheme for the cosmid cloning techniques

We isolated genes from the mouse major
histocompatibility complex by cloning the
genome of the B10 mouse (C57/BL10)
H-2? haplotype, in a cosmid library [4, 5].
The cosmid cloning technique has the ad-
vantage that large fragments of DNA (ca.
40,000 bps) are cloned and it is easy to ob-
tain large amounts of recombinant DNA.
The principle of the cosmid cloning tech-
nique [6] is shown in Fig. 2. Chromosomal
spleen DNA was partially digested with
the restriction enzyme Mbol and the
digested DNA size-fractionated on a den-
sity gradient. The Mbol recognizes a four-
bp-restriction site (GATC) and cuts the ge-
nome frequently. Specific DNA sequences
are, therefore, randomly distributed over
the gradient. The Mbol-restricted frag-
ments can be cloned into the Bam HI re-
striction site (G GATC C). Fragments of ca.
40,000 bps are ligated into the Bam site of a
vector. A minimal requirement for a cos-
mid vector is that it contains the cohesive
ends of phage 4 (cos) and an antibiotic re-
sistance marker for selection in bacteria.
The vectors we used to construct the librar-
ies [5] also contained another enzyme gene
for selection in eukaryotes. The ligated
DNA is packaged in vitro via the cos se-
quences into A-particles and transfected in-
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to recA~ Escherichia coli cells. Once inside
the bacterium, the DNA propagates as a
plasmid. The complexity of the library was
such that the sum of the bacterial colonies
covered the murine genome at least four
times. Two B10 libraries were constructed,
one with the vector pOPF, the other with
pTM. pOPF contains the thymidine kinase
gene of herpes virus. Cosmids with this vec-
tor can be directly transfected into mouse L
cells (tk) and transformants selected in
hypoxanthine-aminopterin-thymidine me-
dium. pTM contains the aminoglycoside
phosphotransferase gene which makes eu-
karyotic cells resistant to the drug G418.
We screened the libraries with a human
genomic class I gene probe (pHLA 12.4 [7])

Table 1.

Region No. kb No. Location
cosmids genes

1 7 95 2 H-2K

2 2 70 1 H-2D

3 15 120 5 Qa2 3

4 1 40 1.5 Qa2 3

5 2 50 2 ?

6 39 90 5 TL
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or with mouse H-2 cDNA clones (pH2-I11,
pH2-1Ia [8]). We isolated 82 cosmids con-
taining class1 related genes and began a
detailed analysis of the structure, sequence
organization, and expression of the H-2-re-
lated genes. By restriction enzyme and
southern blotting analysis, the cosmid
clones can be grouped into five clusters.
We localized each cluster and some single
cosmids by polymorphic restriction site
mapping to distinct regions on the H-2
map. The result of these experiments is
shown in Table 1. Figure 3 shows in detail
how we mapped region 6, which contains
the largest number of cosmids, to the 7L lo-
cus. When a single copy 2.0-kb EcoRI frag-
ment that maps 5 to the gene 64 in the re-
gion [5] is hybridized to Pstl-digested
DNA, the fragment detects bands of dif-
ferent size in all three haplotypes (b, 4, k).
AKR DNA (H-2%) shows a 3.7-kb band,
whereas in B10 DNA (H-2%) the 2.0-kb
fragment lights up. The H-2 recombinant
mouse strain B6K2 DNA contains a 3.7-kb
band and our fragment, therefore, detects
the H-2* haplotype portion of the re-
combinant, that is the 7L locus in B6K2.
Region 6 maps to the TL locus.

Table 1 shows that from the 82 cosmids
containing H-2-like genes, two regions map
to the loci controlling the expression of the
classical transplantation antigens, H-2K
and H-2D. The majority of the genes are
localized outside the H-2 locus proper, six
genes mapping to the Qa locus and five
genes to the TL locus. It is interesting that
we found more classI related gene se-
quences than there are class I products on
the genetic map. A similar distribution of
class I genes in the BALB/C mouse (H 29
was described by Steinmetz et al. [9]. There
are not enough class I genes in the H-2 re-
gion to account for all different alleles.

To examine which of the cosmid clones
contains a functional gene we introduced
all the cosmids into mouse L cells [10] and
selected for stable, thymidine-kinase-posi-
tive transformants. We tested for expres-
sion of new H-2° cell surface antigens on
the transformed cells using the following
assays: (a) direct monoclonal and al-
loantibody binding; (b) antibody-depen-
dant complement-mediated lysis; (c) al-
loreactive anti-H-2K® and ~anti-H-2D®
T-cell mediated lysis (CML); (d) H-2K"-
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Fig. 3a. Chromosomal blot localizing region 6;
DNA was digested with Pstl and probed with the
2.0-kb Eco-fragment from region 6. In lanes in-
dicated, 100 pg cosmid Hll and 5 pg chromosom-
al DNA was digested with Pst
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Fig. 3b. Genetic map of the recombinant strains.
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is derived from either B10 or A



Table 2. Immunoselection assays for L cells transformed with cosmids containing class I genes

Assay Ltk~ B10 LH8 LH8EcoB LH2S5 LH11 LH1.1

Antzbody binding

Anti-H2X + - + + + + +
Anti-H-2K ® - + +

Anti-H-2D® - +
Antibody-dependant

cytotoxzczty

Anti-H- 2 +
Anti-H-2° -
Anti-H-2K® -
Anti-H-2D® -

Allogenic cytotoxic
T-cell kzllm g
Anti-H-2X

Anti H-2° - + + + - -

T-cell-mediated killing

of transformed L cells

mfected with influenza virus

H-2K -restrlcted - + + -
H-2D "-restricted - + - +

|

|

|

|
+

I+ + +
|

+
|
+
+
+
+

Ltk, mouse L cells (H-2k) used for transfection experiments; B10, spleen cells of B10 mouse, H-2b
control cells; LH8, L cells transformed with cosmid H8 containing the 4 and B gene of region /;
LHBEcoB, L cells transformed with an Eco subclone of H8, containing only the B gene of region /;
LH25, L cells transformed with cosmid H25 containing the 4 gene of region I; LH11, L cells trans-
formed with cosmid H11, containing the A, B, and C genes of region 6; LHI. 1 L cells transformed
with cosmid H1.1 coding for the H-2D? gene of region 2

and H-2DP-restricted influenza-virus-spe- are not only recognized by allo- and mono-
cific T-cell killing. clonal antibodies, they also retain their in

To date we have obtained positive ex- vivo function. They are recognized by al-
press1on data only for the H-2K? [10] and loreactive cytotoxic T cells and act as re-
H-2D%[11] genes. The results are shown in  striction elements for T.-cell-mediated kill-
Table 2. The newly expressed H-2 antigens ing of influenza-virus-infected cells. The

145 150 162 155 156 160 163

Kb HIs LYs TRP GLU GLN ALA GLY GLU ALA GLu Arc Leu ARG ALA TYrR LEU GLu GLY THR Kb
Kb CAC AAG TGG GAG CAG GCT GGT GAA GCA GAG AGA CTC AGG GCC TAC CTG GAG GGC ACG Kb
kbm-1 cT TAT TA Kbm-1
Ld G cT TAT TA GA Ld
Ld ARG ALA TYR TYR GLU Ld

Fig. 4. Comparison of the DNA and protein sequence of the H-2K b gene, H- 2K gene, and H- 2L°
gene [19, 20] starting from amino acid 145 to 163. The recognition sequences for the enzyme Pstl and

Hinf I are underlmed Only the nucleotides and amino acid differences from H- 2K? are shown in the
H-2K®and H-2L? gene
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gene B of region I codes for the H-2K®
antigen and the single gene of region 2 is
the H-2D? gene. The fact that the full com-
plement of e}%'topes normallgf associated
with the H-2K" and the H-2D® molecule is
present on the surface of transformed cells
makes it possible to analyse which de-
terminants are recognized by antibodies
and the T-cell receptor. Specifically, it
should now be possible to transform L cells
with hybrid H-2 genes constructed in vitro.

We [12] and others [13] proposed gene
conversion as a mechanism of generating
different H-2 alleles. Gene conversion is a
mechanism by which genetic information
can be transferred from one gene to an-
other related gene; it was first described in
fungi [14, 15]. One way to obtain informa-
tion about the mechanism that generates
polymorphism is to compare the DNA se-
quences of allelic genes. As the alleles are
presumably the result of many gene con-
version events, it might be difficult to trace
individual sequences in the mosaic genes.
We therefore decided to analyse a very re-
cent allele, which was detected in one of
the Bm- mutants [16]. These mutant mice
(H-2° haplotype background) express a
changed H-2K antigen.

We cloned the H-2K*" gene [17], the
antigen it codes for was shown by peptide
analysis to contain Tyr-Tyr at position 155
and 156 instead of Arg-Leu. We sequenced
the H-2K® gene [18] and the translated re-
gions of the H-2K*™ gene. We found in to-
tal seven bp changes (Fig. 4) in a short re-
gion of 13 nucleotides, two result in an-
other amino acid substitution as well as the
two amino acid changes at positions 155
and 156. Our data show that these changes
occurred in the H-2K? gene. The same se-
quences are found in the H-2L? gene [19,
20]. We consider that a gene conversion
event is the most likely cause for this
phenomenon. In this case, there must be a
donor gene that contains this novel nucleo-
tide sequence. We are currently searching
for a donor gene. We think it likely that
gene conversion will turn out to be a major
force if not the major force in the gener-
ation of new alleles of H-2 genes.
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