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Structure and Expression of Class I Genes
of the Mouse Major Histocompatibility Complex
E. H. Weiss, A. L. Mellor, L. Golden, H. Bud, J. Hurst, R. A. Flavell, E. Simpson,
R. James, A. R. M. Townsend, and H. Festenstein

The major histocompatibility complex brane proteins with molecular weights
(MHC) plays an important role in the regu- (MW) of 40,000-45,000. They are associatlation of the immune response in verte- ed with a smaller polypeptide, ß, microbrates. The MHC in man (HLA) and the globulin, MW 12,000, not encoded by chromouse (H-2) is the most thoroughly studied mosome 17. The class I1 genes were origcase of a complex of linked genes (see [I] inally discovered as immune-response
for a review). The H-2 locus maps on the genes. They regulate the interaction of
murine chromosome 17 (Fig. 1). Three dif- T-helper cells and B cells to induce antiferent types of proteins are encoded by the body prod~ction[3]. The class I11 moleH-2 region. The class I molecules regulate cules encoded by the H-2 region are comthe killing of virus-infected cells. The virus plement components. One of the most reantigen is recognized in association with markable properties of the H-2 antigens is
class I proteins. This is known as MHC re- their genetic polymorphism. In fact, about
striction of T-cell recognition [2]. The best- 50 alleles at both the H-2K and H-2D loci
characterized class I molecules are the have been detected. In this aspect, they difclassical transpantation antigens found on fer sharply from almost all other genes. We
virtually all cells, encoded by the H-2K, are particularly interested in how the H-2
H-2D, and H-2L loci. Class I antigens are polymorphism is generated. We think it
also encoded by the TL complex, adjacent likely that the analysis of the class I genes
to the classical H-2 loci. The Qa and Tla by recombinant DNA techniques will proproteins are lymphoid differentiation anti- vide some clues to the nature of the polygens. Class I molecules are intrinsic mem- morphism.

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 left and the TL locus on the right. H-2 class I molecules (0 )
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-2b haplotype, in a cosmid library [4, 51.
The cosmid cloning technique has the advantage that large fragments of DNA (ca.
40,000 bps) are cloned and it is easy to obtain large amounts of recombinant DNA.
The principle of the cosmid cloning technique [6] is shown in Fig. 2. Chromosomal
spleen DNA was partially digested with
the restriction enzyme MboI and the
digested DNA size-fractionated on a density gradient. The MboI recognizes a fourbp-restriction site (GATC) and cuts the genome frequently. Specific DNA sequences
are, therefore, randomly distributed over
the gradient. The MboI-restricted fragments can be cloned into the Bam HI restriction site (G GA TC C). Fragments of Ca.
40,000 bps are ligated into the Bam site of a
vector. A minimal requirement for a cosmid vector is that it contains the cohesive
ends of phage A. (cos) and an antibiotic resistance marker for selection in bacteria.
The vectors we used to construct the libraries [5] also contained another enzyme gene
for selection in eukaryotes. The ligated
DNA is packaged in vitro via the cos sequences into il-particles and transfected in-

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 BIO libraries were constructed,
one with the vector pOPF, the other with
pTM. pOPF contains the thymidine kinase
gene of herpes virus. Cosmids with this vector can be directly transfected into mouse L
cells (tk-) and transformants selected in
hypoxanthine-aminopterin-thymidine medium. pTM contains the aminoglycoside
phosphotransferase gene which makes eukaryotic 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
cosmids

No.
genes

Location

or with mouse H-2 cDNA clones (pH2-111,
pH2-IIa [8]). We isolated 82 cosmids containing class I related genes and began a
detailed analysis of the structure, sequence
organization, and expression of the H-2-related 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 TL locus. When a single copy 2.0-kb EcoRI fragment that maps 5' to the gene 6A in the region [5] is hybridized to PstI-digested
DNA, the fragment detects bands of different size in all three haplotypes (b, d, k).
AKR DNA (H-29 shows a 3.7-kb band,
whereas in B10 DNA (H-2b) 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-2k haplotype portion of the recombinant, that is the TL 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 Fig. 3a. Chromosomal blot localizing region 6;
and H-2D. The majority of the genes are DNA was digested with Pstl and probed with the
localized outside the H-2 locus proper, six 2.0-kb Eco-fragment from region 6. In lanes ingenes mapping to the Qa locus and five dicated, 100 pg cosmid Hll and 5 pg chromosomgenes to the TL locus. It is interesting that al DNA was digested with Pst I
we found more class I related gene sequences than there are class I products on
the genetic map. A similar distribution of
class I genes in the BALB/C mouse (H-2d)
was described by Steinmetz et al. [9]. There
are not enough class I genes in the H-2 reLOCUS
gion to account for all different alleles.
K
A B J E C S
D
Q
TL
To examine which of the cosmid clones
STRAlN
contains a functional gene we introduced
all the cosmids into mouse L cells [10] and
selected for stable, thymidine-kinase-posi- MO
tive transformants. We tested for expres- A
sion of new H-2b cell surface antigens on ~6.412
the transformed cells using the following AKR
B6.K1
assays: (a) direct monoclonal and al- B6K2
loantibody binding; (b) antibody-dependant complement-mediated lysis; (C) al- Fig. 3b. Genetic mav of the recombinant strains.
loreactive a n t i - ~ - 2 and
~ ~ a n t i - H - ~ D ~~ & e d section indicates area where chrornosome
T-cell mediated lysis (CML); (d) H - ~ K ~ is- derived from either B 10 or A

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

Ltk-

Antibody binding
Anti-H-2
~nti-~-2K
Anti-H-2D
A ntibody-dependant
cytotoxicity
Anti-H-2
+
Anti-H-2
Anti-~-2~
Anti-H-2D
A llogenic cytotoxic
T-cell killing
Anti-H-2
Anti H-2b
Tccell-mediated killing
of transformed L cells
infected with influenza virus
H-2K b-restricted
H - 2 qrestricted
~
-

+

B10

LH8

LH8EcoB LH25

-

+
+

+
+

-

-

+
+

+
+

LHll

LHl.1

+
-

Ltk, mouse L cells (H-2k) used for transfection experiments; BIO, spleen cells of B10 mouse, H-2b
control cells; LH8, L cells transformed with cosmid H8 containing the A and B gene of region I ;
LH8EcoB, L cells transformed with an Eco subclone of H8, containing only the B gene of region I ;
LH25, L cells transformed with cosmid H25 containing the A gene of region I ; L H l l , L cells transfonned with cosmid H 11, containing the A, B, and C genes of region 6; LH 1.1, L cells transformed
with cosmid H1.l coding for the H - ~ gene
D ~ of region 2

and H-2~~-restricted
influenza-virus-specific T-cell killing.
To date we have obtained positive ex~ and
pression data only for the H - ~ K[10]
H-~D
[ l l~] genes. The results are shown in
Table 2. The newly expressed H-2 antigens

are not only recognized by allo- and monoclonal antibodies, they also retain their in
viv0 function. They are recognized by alloreactive cytotoxic T cells and act as restriction elements for T,-cell-mediated killing of influenza-virus-infected cells. The
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Fig. 4. Comparison of the DNA and protein sequence of the I l - 2 gene,
~ ~ H-2Kb""gene, and H-2Ld
gene [19,20] starting from amino acid 145 to 163. The recognition sequences for the enzyme Pstl and
are~ shown in the
Hinf I are underlined. Only the nucleotides and amino acid differences from H - ~ K
H-2Kbm'and H-2Ld gene
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