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Mouse class I MHC antigens are encoded on chromosome 17 by a family of
related genes grouped within four closely linked regions: H-2K, H-2D, Qa, and
Tla. Most sequences map to the Qa and Tla regions. Class I proteins share
extensive amino acid homology and the genes are similar in sequence, structure
and organization of exons, introns and protein domains (reviewed in reference
1). All class I gene products identified thus far are 40-45 kD glycoproteins and
are noncovalently associated with $;-microglobulin. In spite of these similarities,
several features differentiate the H-2K/D genes from the Qa/Tla region genes.
Foremost is the disparity in the degree of sequence diversity among alleles
between K/D and Qa/Tla. >50 alleles of K, D, and L genes have been identified
by serological analysis (2). The high degree of polymorphism is primarily due to
sequence divergence in exons 2 and 3, which code for the a1 and o2 domains,
respectively (1). In contrast, genes mapping to the Qa/Tla region seem to be
simple allelic systems (reviewed in reference 3). For example, the allelic sequences
of the Q10 gene from SWR and B10 mice are >99% homologous (4). If the
conservation of sequences holds true for other Qa genes, it implies that K/D and
Qa/Tla region sequences are evolving in response to different selective pressures.

K/D class I genes and Qa/Tla class I genes also appear to differ in expression
and presumably, function. K/D-encoded molecules are expressed in most somatic
tissues while Qa/Tla gene expression has been detected primarily in hemato-
poietic cells (3). Functional studies of K/D-encoded class I molecules indicate
that they provide the self component in interactions between foreign antigens
and allospecific or virus-restricted cytotoxic T lymphocytes (5). The function of
Qa/Tla-encoded class I molecules is unknown (3).

~10 class I sequences have been identified in the Qa subregions of B10 and
BALB/c mice (1, 6, 7). While Qa-2-reactive products have been immunoprecip-
itated from the cytoplasm of L cells transfected with Qa genes (Q6°, Q7°, Q8®,
and Q9°) (8), additional attempts to identify Qa region products by screening
transfected cells for surface Qa antigens have met with limited success (9, 10).
Whether the failure to detect Qa products on the surface of L cells is due to the
peculiar features of Qa genes or to differences in tissue-specific regulation is not
known.
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An alternative approach to detecting novel class I products is to make recom-
binant cDNA libraries from mRNA of different tissues to isolate and characterize
transcription of class I genes. This approach was used to isolate a liver-specific
secreted class I polypeptide (Q109) (11-13). More recently, LaLanne et al. (14)
have used the same approach to study a collection of class I cDNA clones made
from liver RNA of DBA/2 (H-2%) mice. They found expression of eight class I
mRNAs transcribed from six class I genes. In addition, they identified mRNAs
from a gene equivalent to Q7° and a Tla gene. Northern blot analyses of liver,
spleen, and kidney mRNA from DBA/2 mice using low copy number probes
derived from these two sequences suggest that these or closely related genes
were transcribed in at least these tissues.

Our laboratory previously reported (15) that several non-K/D genes isolated
from a B10.P sperm library can provoke weak antibody responses and be
recognized by T cells when transfected into L cells. One gene, designated A3a,
was chosen for further analysis. In this report, we have extended the analysis of
A3a to the molecular level by using probes derived from the 3" noncoding region
of A3a. Southern blot analysis of genomic DNA and dot blots of class I cosmid
DNAs using the 3’ noncoding probes confirms that A3a maps to the Qa region
of B10.P. RFLP analysis of genomic DNAs shows the A3a sequence is associated
with a RFLP specific for Q4 and that sequences corresponding to Q6 and Q8 are
absent in B10.P mice. Comparisons of the DNA sequence of A3a and Q4 are
identical. Based on these data, we conclude that the A3a gene is Q4P. We have
examined the transcription of the A3a gene and found transcripts in a variety of
B10.P tissues including brain, heart, kidney, liver, lung, lymph node, muscle,
spleen, testes, and thymus. These data represent the first demonstration of
widespread transcription of a Qa region gene.

Materials and Methods

Preparation of DNA and RNA. Spleen DNAs from B10.P and B10 were prepared
according to the described procedure (16). Liver DNA from B10, B10.P, B10.F(13R),
B10.F(14R), and C3H/He] were prepared according to Blin and Stafford (17). Spleen
DNA from AKR/J, BALB/c], DBA/2], SWR/], and 129/] were purchased from The
Jackson Laboratory (Bar Harbor, ME). The following BALB/c cosmid DNAs were
generously provided by Dr. Michael Steinmetz (Basel Institute, Basel, Switzerland): 64.1,
2.1, 65.1, 52.3, 46.1, 8.2, 46.2, 16.1, 59.2, 1.1, 48.1, 12.2, 31.1, 59.1, 6.3, 47.1, 4.1,
50.2, 52.2, 20.1, 49.1, 8.3, 15.1, 15.3, 17.1, 22.1, 18.1. The following B10 cosmids or
plasmids were generously provided by Dr. Andrew Mellor (MRC Clinical Research Center,
Harrow, United Kingdom): B1.1, B2.17, B1.24, Kb B1.4, B3.3, B2.7, B2.5, B4.8, H6,
H11, H18, H26, K4, K5.1.

Total cellular RNA was prepared by a modification of the guanidinium thiocyanate
procedure of Chirgwin et al. (18). After sedimentation through cesium chloride, RNA
pellets were suspended in 8 M guanidine HCI and precipitated by addition of one-tenth
volume of 2 M sodium acetate and one-half volume absolute ethanol. RNA pellets were
resuspended in diethylpyrocarbonate-treated water, heated to 70° for 10 min and spun
at 4° at 10,000 rpm for 10 min. The supernatant was removed and the procedure was
repeated twice. Aggo/e80 was measured and supernatants containing RNA were pooled and
precipitated with one-tenth volume 3 M sodium acetate and three volumes absolute
ethanol. Samples were resuspended in diethylpyrocarbonate-treated water and stored in
aliquots at —20°C.

Construction of pMJP-1 and pMJP-2 Plasmids. 640-bp Sac I and 190-bp Pvu II-Pst 1
fragments were gel purified from 6% polyacrylamide gels after fractionation. After gel
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purification and ethanol precipitation, the 190 Pvu II-Pst I fragment was repaired with
T4 polymerase (New England Biolabs, Beverly, MA) and Eco Rl linkers attached (Bethesda
Research Laboratories, Gaithersburg, MD). The 200-bp Eco RI fragment was ligated into
the Eco RI site of linearized pSP65 (19) and the 640-bp Sac I fragment was ligated into
the Sac I site of linearized pGEM-I (19). Recombinant clones were obtained in both 5’ to
3’ and 3’ to b’ orientations with respect to the SP6 promoter. Transcripts complementary
to mRNA were obtained by transcribing linear templates of the 3’ to 5’ orientation.

DNA Blot Hybridization. 10 ug of genomic DNA samples were digested for 3hat 37°C
with 30-60 U Xba I or Pst I (International Biotechnologies, Inc., New Haven, CT).
Samples were electrophoresed in 0.8% agarose gels at 500 V-h. Electrophoresed DNA
was transferred to either nitrocellulose or Z-probe nylon filters (Bio-Rad Laboratories,
Richmond, CA) by the method of Southern (20). Before hybridization, nylon filters were
prewashed in 30 mM NaCl, 4 mM sodium citrate, 0.5% SDS at 65°C for 30 min each.
Both Nylon and nitrocellulose filters were hybridized to *?P-labeled RNA transcribed
from pMJP-2 (1-2 X 16° cpm/ml). Filters were exposed to Kodak XAR-5 film with
Lightening Plus screens (DuPont Co., Wilmington, DE) for 5-10 d at ~70°.

Dot blots of 10 ng of BALB/c and B10 cosmid DNAs were performed in duplicate as
described (21).

RNA Blot Hybridization. Total cellular RNA (20 ug) or poly(A)* RNA (5 ug) was
subjected to electrophoresis through formaldehyde (1.6% agarose) gels at 400 V-h and
transferred to nitrocellulose as described by Maniatis et al. (22). Hybridization to single-
strand **P-labeled RNA transcribed from pMJP-2 (2 X 10° cpm/ml) was performed
according to DeLeon (23). Filters were exposed to Kodak XAR-5 film with Lightening
Plus screens (DuPont Co.) at —70. After exposure for 24-48 h, filters were treated with
RNAse A (1 gg/ml) according to DeLeon (23) to reduce nonspecific binding of the probe.

RNAase mapping (RN Aase protection) with pMJP-1 was performed according to Zinn,
et al. (24). Fixed gels were exposed to Kodak XAR-5 film with DuPont lightening plus
screens at room temperature for 16—-20 hours.

Synthesis of Complementary-Strand RNA Probes. pMJP-1 and pMJP-2 plasmids were
linearized with Eco RI and Bam HI, respectively, extracted successively with
phenol/chloroform (1:1), chloroform, and ether, before ethanol precipitation. Linearized
DNA was resuspended at a concentration of 1 ug/ml in diethylpyrocarbonate-treated
water. Transcription of linearized DNA with SP6 polymerase (Boehringer Mannheim
Diagnostics, Inc., Houston, TX) was performed as described for the synthesis of high
specific activity probes by Promega Biotec (Madison, WI) and modified as follows: 100
uCi of o[**PJUTP (800 Ci/mM, New England Nuclear, Boston, MA) was added per 20 ul
reaction with 1 ul of 240 uM UTP. After transcription, the mix was treated with RNase-
free DNAse, extracted, and precipitated. Transcripts were gel purified by fractionation
on 6% polyacrylamide/urea sequencing gels at 30 V/cm. Full-length transcripts were cut
out of the gels and eluted for 2-4 h in 0.5 M sodium acetate (?H 5.2), 0.1% SDS, and 20
ug/ml of tRNA. Because of the rapid degradation of the *?P-labeled single-stranded
probes (24), the probes were used immediately after elution.

Cell Lines. The C3H (H-2*) mouse fibroblast cell line Ltk™ is a thymidine kinase—
deficient mutant of L929 cells. The BDP/] SV40 transformed splenic fibroblast line was
supplied by Dr. Barbara Knowles, Wistar Institute, Philadelphia, PA.

Cells were maintained in RPMI 1640 medium supplemented with 5% FCS, 10 mM
Hepes, penicillin, and streptomycin.

Results

Characterization of Class I Organization Using a Low Copy Number Probe from a
B10.P Gene. To study the transcription of A3a, a Q region gene isolated from
a B10.P X library (25), we isolated probes from the 3’ noncoding region of the
A3a genomic clone. We elected to derive probes from this region because class I
RNAs differ in their 3’ noncoding regions (12, 26). We initially localized the 3’
noncoding region of A3a to a 640-bp Sac I fragment that also included presump-
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FIGURE 1. Construction of pMJP-1 and pM]JP-2
plasmids. A 640-bp Sac I fragment from the 3’
region of the A3a genomic clone (described in
Schepart et al. [15]) was subcloned into the Sac I
ADD site of pGEM-1, producing the plasmid pMJP-1. A
EcoRi LINKERS  190-bp Pvu II-Pst I fragment (included within the

E 640-bp Sac I fragment) was subcloned into the Eco
RI site of pSP65 after the addition of Eco RI
linkers, producing the plasmid pMJP-2. Colonies
were screened with nick-translated 190-bp Pst I-
Pvu I fragments and checked for orientation with
respect to the SP6 promoters of pGEM-1 and
pSP65.
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tive exons 7 and 8. This fragment was subcloned into pGEM-1. The resulting
plasmid is designated pMJP-1 (Fig. 1). A 190-bp Pvu II-Pst I restriction fragment
from pM]JP-1 was subcloned into pSP65 and designated pMJP-2 (Fig. 1).

To map the position of the A3a sequence, liver DNAs from B10 (H-2%), B10.P
(H-2P), and two reciprocal intra-H-2 recombinants, B10.F(13R) [H-2®*(KPD®)]
and B10.F(14R) [H-2**(K"DP)], were digested with Xba I, electrophoresed on
agarose gels, transferred to nitrocellulose, and probed with pMJP-2 in Southern
blot experiments. An Xba I digest is shown in Fig. 2. Four of the six hybridizing
fragments were invariant (arrows), one (~11 kb vs. 14 kb) differed in position,
and one (~3.7 kb) was absent in B10.P and B10.F(14R). The absence of the 3.7-
kb band has been noted previously (27, 28) in Xba I digests of DNA from Qa-
2~ strains. This corresponds to the absence of the Q5-Q9 sequences in H-2P.
From analysis of the A3a phage clone we know that the corresponding genomic
fragment must be >10 kb since there are no Xba I sites located within the mouse
sequences in the A clone.Therefore, the 14-kb band in B10.P and B10.F(14R)
DNAs must correspond to the A3a gene, and the 11-kb band in B10 and
B10.F(13R) presumably represents a RFLP of the A3a sequence. The results
confirm previous RFLP analysis localizing the A3a gene to the D end of B10.P
(15). Further, the hybridization patterns show that A3a is homologous to at least
one Qa-related sequence that is absent in B10.P mice.

To assign the bands observed in the Xba I digests to the physical map derived
from cosmid cloning, we used pM]JP-2 to screen a series of cosmid clones that
contain the 26 class I genes isolated from B10 DNA (7). We also screened a
series of cosmid clones that contain the 36 class I genes isolated from BALB/c
(29). To simplify discussion, Qa genes will be referred to by the nomenclature
established by Weiss et al. (7). The results of these studies are summarized in
Table 1. Only cosmids that hybridized are shown. The other cosmids tested are
listed in Materials and Methods. Four overlapping cosmids from the Qa region
of B10 containing Q4°-Q9°, and four overlapping cosmids from BALB/c con-
taining Q4°-Q8/Q9 hybridized to pM]JP-2. In addition, cosmid 50.2 from cluster
6 of BALB/c also hybridized to pMJP-2. 50.2 contains two D region genes (D2¢
and D39 located between D and L® (6), which were probably derived from the
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TABLE I
BALB/c and B10 Cosmid DNAs Hybridizing to pMJP-2
Eﬁﬁ{f Gene pair B10 cosmid Gene pair
65.1 Q4¢ + Q54 B2.5 Q4" + Q5P
46.2 Q54 + Q6¢ B2.17 Q6° + Q7*
8.2 Q64 + Q8/94* B3.3 Q7 + Q8P
46.1 Q84/Q9? B4.8 Qs® + Qo
50.2 D2¢ + D34*

* Q8/Q9" is a fusion gene.
¥ There is no equivalent to D2%-D3? in B10 DNA.

Qa region by an unequal crossover event. pMJP-2 does not hybridize to the
cloned DP gene (data not shown). Further, analysis of B10.F(14R) DNA using D
flanking region probes, confirms that the DP region contains a single class I gene
(6). These data eliminate the possibility that pMJP-2 hybridizes to the DP gene.
Based on the hybridization to Qa region sequences and the lack of hybridization
to genes in other regions, we assigned A3a to the Qa region of B10.P.

The A3a Gene is Q4P. To precisely identify the A3a gene, we used the Pustell
DNA sequence analysis Program (IBI, New Haven, CT) to compare the sequence
of the 3’ end of A3a genomic clone with the sequences of several class I genes
including K® (30), K* (31), D? (32), D (33), L (34), Q7¢ (35), Q8" (36), Q10" (4),
and the transmembrane sequence of Q4¢ (provided by Dr. Steve Hunt, California
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1 10 20 30 40 50 60
AGCCTCCTCCATCCACTGTCTCCAACATGGCGAACGTAGCTGTTCTGGTTGTCCTTGGAG  Q4d
FUETTENET T P et e L e e b e et b e b e e et
AGCCTCCTCCATCCACTGTCTCCARCATGGCGAACGTAGCTGTTCTGGTTGTCCTTGGAG  Q4p

1 10 20 30 40 50 60
70 80 90 100 110 117
CTTGGCCATCATTGCAGCTGTGGTGGCTTTTGTGATGAAGAGARGGAGACACACAGG Q4d
FETET TR e et e e b e e ettt e b et
CTTGGCCATCATTGCAGCTGTGGTGGCTTTTGTGATGAAGAGAAGGAGACACACAGG Q4p
70 80 90 100 110 117

FIGURE 3. Comparison of the nucleotide sequence of the highly polymorphic exon 5 se-
quences of Q4¢ and Q4P. Sequences were aligned to provide maximum match.!
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FIGURE 4. Expression  of
RNA related to pM]JP-2 in var-
ious tissues of the BI10.P
mouse. Northern blots of 20
ug total RNA hybridized with
pMJP-2. (a) Ltk™, (b) spleen,
(¢) liver, (d) kidney, (e) brain,
(f) heart, (g) lymph node, ()
lung, (i) muscle, (j) testes.
Length of hybridizing RNA
species is indicated in bases. a—
d and ¢-j are separate experi-
ments, so intensities can not
be directly compared.
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Institute of Technology, Pasadena, CA). The comparisons show that the A3a
sequence is most homologous to Qa region sequences, as expected. Most striking
is the identity of the highly polymorphic transmembrane sequences of A3a and
Q49 (shown in Fig. 3). The A3a and Q4 sequences are identical at 117/117
nucleotide positions. This demonstrates that the A3a gene is Q4°.

Class I Genes Homologous to pMJP-2 are Widely Transcribed in B10.P Tissues. To
determine if Q4P and/or related B10.P class I genes are transcribed in vivo we
used pMJP-2 to probe RNA blots from adult B10.P tissues. We performed
Northern blot analysis of total RNA isolated from several B10.P tissues and C3H
(H-2%)-derived Ltk cells. Representative blots from two experiments are shown
in Fig. 4. pMJP-2 detects a RNA species of ~1.7 kb in all tissues tested (brain,
heart, kidney, liver, lung, lymph node, muscle, spleen, testes, and thymus). To
confirm that the signals detected in total RNA were reflective of poly(A)* mRNA
levels, Northern blots of 20 ug total RNA or 5 ug of poly(A)* RNA from brain,
kidney, spleen, and Ltk™ were hybridized to pMJP-2 and the hybridization
patterns were compared (data not shown). Since the patterns of hybridization
were comparable, total RNAs were used in subsequent experiments. Collectively,
these results demonstrate that Q4P or a closely related Qa gene(s) is transcribed
in most B10.P tissues.

In attempts to generate antibodies against the Q4P gene product by immunizing

! These sequence data have been submitted to the EMBL/GenBank Data Libraries under the
accession number Y00631.
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mice with Q4P-transfected (L3a) cells (Schepart, B., and J. A. Frelinger, unpub-
lished results), we repeatedly produced antibodies that were crossreactive with
Ltk™ cells. To determine if the crossreactivity was due to the expression of a
homologous gene in Ltk™ cells, we performed Northern blot analysis of Ltk™
RNA to test for the presence of related class I transcripts. We detected a strongly
hybridizing band in RNA isolated from Ltk™ cells (see Fig. 4a). Thus, Ltk™ cells
appear to express at least one Q4-related transcript.

The Q4? Gene is Transcribed in Most B10.P Tissues. Since pM]JP-2 hybridizes
to cosmids containing several Qa region genes, it is possible that pMJP-2 detects
multiple Qa transcripts in some tissues. To discriminate between transcription of
the Q4P gene and transcription of related class I genes, we used **P-labeled RNA
complementary to Q4P to assay protection of RNA isolated from adult B10.P
tissues. In these experiments, the 640-bp Sac I fragment was inserted into pGEM-
1 (pM]JP-1) so that transcription of RNA complementary to Q4® mRNA was
initiated at the SP6 promoter. The size of the protected fragment can be
accurately predicted in a manner analogous to S1 nuclease mapping (37). The
results of these experiments are shown in Fig. 5. Comparisons of the pM]JP-1
sequence to the DP (32), K* (31), Q7¢ (35), and QI0® (4) sequences, showed
multiple regions of nonidentity that should be cleaved by RNase. However, as
depicted schematically in Fig. 5, a fragment of 500 nucleotides should be
protected by Q4P mRNA. Transcripts from the alternate strand of pM]JP-1 are
not protected by B10.P RNA (data not shown). The results in Fig. 5 show one
major protected fragment of 500 nucleotides was easily detected in most RNA
from B10.P tissues (kidney, heart, liver, lung, lymph node, muscle, spleen, testes,
and thymus). We do observe patterns of a variety of minor protected fragments
that vary among the tissues tested. This is consistent with the protection of
smaller regions of identity between pMJP-1 and other class I transcripts. In
addition, the variation in minor protection patterns is also consistent with
differences in the expression pattern among class I genes.

Although there is some variation in the intensity of the signal in the Northern
blots from various tissues, there is a 1.7-kb RNA species detected in all tissues.
The signal in brain RNA however, is consistently weaker than other tissues.
Similarly, in the RNAse protection experiments the Q4P transcript is easily
detected in RNA from all tissues, except brain. The data from several Northern
blot and RNA protection experiments are summarized in Table II. The values
in Table II are based on the comparison of hybridization intensities to Ltk™ or
liver RNAs that were run as internal standards. Therefore, these values are
corrected for variability among experiments and more accurately reflect RNA
expression in different tissues. These data demonstrate that the Q4P gene, unlike
other characterized Qa genes, is transcribed in most, if not all, B10.P tissues.

Because we detected homologous transcripts in Ltk™ cells by Northern blotting,
we also performed RNAse analysis of Ltk™ RNA. After hybridization of pMJP-1
RNA to RNA from Ltk™ cells, we observed a major protected fragment of 290
nucleotides. Among other faint bands is a fragment of 500 bases, the size
expected for protection of an mRNA to the Q4P gene. Because all the sequence
of Q4% is not available, we could not be certain that the 290 nucleotide fragment
represents the product of the Q4" allele. It is possible that the faint band at 500
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FIGURE 5. Detection of Q4-specific RNAs by RNAse analysis. Total cellular RNA (20 ug)
from B10.P tissues and Ltk cells was hybridized to a >20 fold excess (~20 fmol; 10° cpm) of
a 680 nucleotide complementary SP6 RNA probe (~5 X 10° cpm/ug). (a) Liver, (b) lymph
node, (c) spleen, (d) thymus, (¢) brain, (f) heart, (g) kidney, (k) lung, (i) muscle, () testes, (k)
Ltk™,

The structure of the probe and the predicted protected fragments after hybridization and
RNAse treatment are shown in the diagram below the figure. Indicated lengths are in
nucleotides. (S) Sac I sites of insert from which the probe was made; (+1) the start of pM]JP-2
complementary RNA; (+640) the termination of pMJP-2 complementary RNA. (Boxes) Exons
7 and 8. The dotted line indicates intervening sequence. (Wavy lines) 5" polylinker sequence.
a—d and e~k are from different experiments, so that the signal intensities can not be directly
compared.

nucleotides in Ltk™ RNA represents a low abundance transcript from the Q4*
gene. However, we believe that the 290 nucleotide fragment is Q4* since a single
major RNA species of 500 nucleotides is protected in SV40-transformed BDP/J
(H-2?) fibroblasts (Fig. 6), a similar cell type. These results strongly suggest that
Q4 is transcribed in transformed fibroblast cell lines.

Discussion

The analysis of individual class I genes has been difficult because of the large
number of homologous class I sequences and the scarcity of allele specific probes.
Molecular probes isolated from the 3’ noncoding regions of class I genes have
made it possible to identify sub-families of class I genes and in some instances,
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TABLE II
Signal Intensities Seen in Northern Blot and RNAase Analysis of
B10.P RNAs Using pMJP-2 and pMJP-1

. Northern blot RNAase
Tissue . .
analysis analysis
Brain +%* +/-
Heart ++ ++
Kidney ++ ++
Liver ++++ +++
Lung +++ +++
Lymph node +++ +++
Muscle + +
Spleen +++ +++
Testes +++ +++
Thymus +++ +++
Ltk~ ++++ ++++

* Indicates relative intensity of signal from +/— (weak) to ++++ (strong).

ab c

-603

FIGURE 6. Detection of Q4-specific RNA in transformed fibro-
blasts. Total cellular RNA (20 ug) from BI0.P liver (a), SV40
BDP/] fibroblasts (b), and Ltk™ (¢). Markers indicate size in bases.

-194

=118

individual genes. These probes can also be used to study the transcription of
new class I genes as well as tracing the lineages of members of the class I gene
family.
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To explore the transcription of one B10.P class I gene, Q4P we isolated two
low copy number probes from the 3’ noncoding region of the A3a genomic
clone. Hybridization of pM]JP-2 to cosmid DNAs from BALB/c and B10 partial
DNA sequencing and restriction fragment length polymorphism mapping of
genomic DNA indicate that the A3a gene is Q4F. Northern blot and precise
RNAse mapping experiments indicate that the Q4P gene, is transcribed in a
variety of B10.P tissues. Thus, our experiments suggest that at least one Qa
region gene may be transcribed ubiquitously in the tissues of B10.P mice.

Aa is Q4?. We have compared the sequence of pM]JP-1 and the transmem-
brane sequence of A3a (our unpublished observations) to the sequences of several
class I genes including K (30), K* (32), DP (32), D¢ (33), L (34), Q79 (35), Q8"
(36), Q10" (4) and the transmembrane sequence of Q4¢ (Hunt, S., III, personal
communication). These comparisons show that the sequence of pM]JP-1 is most
homologous to Qa region sequences, as expected. Most striking is the identity
(117/117) of the highly polymorphic transmembrane sequence of A\3a and Q49,
which, along with RFLP data, demonstrates that A3a is Q4P. Also interesting is
the homology between pMJP-1 and the 3’ noncoding region of Q8°. With the
exception of several nucleotide substitutions and two deletions, the correspond-
ing sequences are identical for 357 nucleotides (not shown). This high degree of
homology between nonallelic Q4 and Q8 sequences is probably the result of
duplications and deletions in the Qa region that arise by homologous but unequal
recombination (6, 8) or perhaps by gene conversion events among Qa sequences.
It is particularly interesting since B10.P: lacks the Q8 sequence.

Transcription of the Q4 Gene in BI10.P Mice. The results reported here dem-
onstrate that the Q4P gene is transcribed in all B10.P tissues tested (brain, heart,
kidney, liver, lung, lymph node, muscle, spleen, testes, and thymus). There have
been few systematic surveys of the transcription of individual class I genes due
to the paucity of molecular probes. In fact, the only reported survey of transcrip-
tion of a Qa gene is the Q10 gene, which is transcribed exclusively in liver (11).
Our results differ from a preliminary report of the transcription of the Q4® gene
in which Q4® was found to be transcribed in spleen but not liver (38). One
explanation for this discrepancy is the difference in length and specific activities
of the probes as well as the stringencies used in our assays. We have found that
single-stranded RNA probes used in our experiment increase the sensitivity of
detection several-fold over end-labeled and nick-translated probes. Alternately,
we may be detecting the transcriptions of a B10.P gene that is not truly allelic to
Q4". Such a difference is possible since DNA sequences in the region surrounding
Q4 in B10 differ from those in B10.P DNA (Fig. 2). Duplication, deletion, and
gene conversion events involving Qa genes have all been reported. Thus we
could be detecting mRNA from a homologous but nonallelic sequence that is
regulated differently from Q4°. It is also possible that the transcription patterns
of Q4 differ in B10 and B10.P mice.

One result worth noting is the presence of a 500 nucleotide protected fragment
in brain RNA. Brain is considered an immunologically privileged tissue and
expresses only low levels of K and D molecules (2). The correlation of K/D and
Q4 expression is interesting. The identity of the cells producing the Q4P transcript
is unknown. Perhaps the signal is due to a small number of brain cells, such as
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astroglia, that also synthesize conventional class I products (39). Alternatively, it
is possible that this signal could be due to vascular endothelium and/or hemato-
poetic cells in preparations of brain RNA.

A surprising result was the presence of Q4® transcripts in testes. Although
germ cells represent only a fraction of the testes, Q4P expression in testes is
consistent with the expression of Q4P in germ cells. The Q4° gene has been
suggested (38) to provide donor sequence for the generation of a mutant K"
gene, K*™® In addition to genetic interactions between K® and Q4° at the DNA
level, it has been suggested that the K” mutants could have been generated
through a donor gene transcript or cDNA intermediate (30, 40). As suggested
by Geliebter et al. (38), this would require that the donor gene be transcriptionally
active in the germline. Our results demonstrate that at least Q4P is transcription-
ally active in the testes.

Our results also indicate that similar Qa genes are transcribed in Ltk™ cells.
RNAse protection experiments of RNA isolated from a transformed
BDP/]J(H-2P) fibroblast line reveal a major protected fragment identical to that
seen in other B10.P tissues (Fig. 6; and Badley, J., and J. A. Frelinger, unpub-
lished observations). Thus, it appears that at least the Q4P gene is transcribed in
transformed fibroblasts. This result has important implications for the use of
transformed fibroblast lines in studying the products of exogenously introduced
Qa region genes. Reagents must be specific for the allele as well as the locus for
detection of transfected gene products.

Systematic analyses of Qa-encoded products have found that the expression of
serologically defined Qa region products is limited to cells of hematopoetic
lineage (3). Thus far, at least five genes from the Qa region of B10 mice have
been shown to code for polypeptides (Q6°-Q10°, inclusively). Of these Q6°-Q9®
code for polypeptides that are immunoprecipitated with Qa-2,3 antisera (8). The
Q10 gene encodes a liver-specific, secreted class I molecule that is found not only
in B10 but also in most other species of Mus (13, 41, 42). More recently, eight
class I cDNAs from DBA/2 liver mRNA have been cloned. Using a low copy
number probe derived from Q79 LaLanne et al. (14) showed that Q7 (27.1)
and/or homologous genes are transcribed in at least liver, spleen, and kidney.
Thus at least Q7, whose product can be identified with a conventional Qa-2
antibody, is transcribed outside of hematopoetic cells. Thus, there is now evi-
dence that many Qa sequences are transcriptionally active.

The results reported here, along with those of Cosman et al. (11) and LaLanne
et al. (14), imply that many of the Qa class I genes are transcribed, and in some
cases, correspond to unusual class I polypeptides (12, 41). A recent study of Qa-
2 expression in activated T cells (43) suggests that while Qa-2 molecules are
expressed on the surface in resting T cell populations, activation results in the
secretion of newly synthesized molecules. Cosman et al. (11) have speculated that
secreted Qa molecules may perform soluble effector functions. Alternately, Qa
genes may encode molecules whose functions are not immune related.

We have found that unlike previous studies of Q region genes and products,
that the Q4 gene is widely transcribed in adult tissues.
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Summary

The mouse MHC class I family includes genes encoded in four regions: H-2K,
H-2D, Qa and Tla. While K/D genes are well characterized, relatively little is
known about Qa or Tla genes. We have studied the transcription of a B10.P Qa
region gene. DNA sequence comparisons of the transmembrane region, sup-
ported by Southern blot analysis of cosmid and genomic DNAs from BALB/c
and C57BL/10, demonstrate the A3a gene corresponds to Q4P. In both Northern
blots and RNA protection experiments using probes derived from the 3’ non-
coding region, we found that Q4, like the H-2K and H-2D genes, is widely
transcribed in B10.P tissues. These data demonstrate for the first time wide-
spread transcription of a Qa gene.

We thank Ms. Katherine LaPan for expert technical assistance and Ms. Jean Holliday for
the preparation of this manuscript. We thank Dr. Sandra Martin, Eileen Elliot, Dr.
Lorraine Flaherty, and Dr. Steve Hunt, 111, for helpful discussions. We thank Dr. Brian
Schepart and Katrina Pederson for the DNA sequences of the A3a and Dr. Steve Hunt,
III for permission to use the Q4¢ transmembrane sequence before publication and Dr.
Barbara Knowles for the SV40-transformed fibroblasts. We thank Dr. Jane Badley for
the fibroblast RNA used in the RNAse analysis.

Received for publication 13 January 1987 and in revised form 30 March 1987.

References

1. Hood, L., M. Steinmetz, and B. Malissen. 1983. Genes of the major histocompatibility
complex of the mouse. Annu. Rev. Immunol. 1:529.

2. Klein, J. 1975. Biology of the Mouse Major Histocompatibility-2 Complex. Springer-
Verlag New York Inc., New York. 296-304.

3. Flaherty, L. 1981. The Tla region antigens. In Role of the MHC in Immunobiology.
M. Dorf, editor. Garland Press, New York. 33-57.

4. Mellor, A. L., E. H. Weiss, M. Kress, G. Jay, and R. A, Flavell. 1984. A nonpoly-
morphic class I gene in the murine major histocompatibility complex. Cell. 36:139.

5. Zinkernagel, R. M., and P. D. Doherty. 1974. Immunological surveillance against
altered self components by sensitized T lymphocytes in lymphocytic choriomeningitis.
Nature (Lond.). 251:547.

6. Stephan, D., H. Sun, K. Fischer-Lindahl, E. Meyer, G. Hammerling, L. Hood, and
M. Steinmetz. 1986. Organization and evolution of D region class I genes in the
mouse major histocompatibility complex. J. Exp. Med. 163:1227.

7. Weiss, E. H., L. Golden, K. Fahrner, A. L. Mellor, J. J. Devlin, H. Bullman, H.
Tiddens, H. Bud, and R. A. Flavell. 1984. Organization and evolution of the class I
gene family in the major histocompatibility complex of the C57BL/10 mouse. Nature
(Lond.). 310:650.

8. Mellor, A. L., ]. Antoniou, and P. Robinson. 1985. Structure and expression of genes
encoding murine Qa-2 class I antigens. Proc. Natl. Acad. Sei. USA. 82:5920.

9. Goodenow, R. S., M. McMillan, M. Nicolson, B. Taylor Sher, K. Eakle, N. Davidson,
and L. Hood. 1982. Identification of the class I genes of the mouse major histocom-
patibility complex by DNA-mediated gene transfer. Nature (Lond.). 300:231.

10. Stroynowski, L., J. Forman, R. Goodenow, S. F. Schiffer, M. McMillan, S. O. Sharrow,
D. H. Sachs, and L. Hood. 1985. Expression and T cell recognition of hybrid antigens
with amino-terminal domains encoded by Qa-2 region of major histocompatibility
complex and carboxy termini of transplantation antigens. J. Exp. Med. 161:935,



11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.
23.
24.

25.

26.

27.

28.

29.

30.

PALMER AND FRELINGER 107

Cosman, D., M. Kress, G. Khoury, and G. Jay. 1982. Tissue specific expression of an
unusual H-2 class [-related gene. Proc. Natl. Acad. Sci. USA. 79:4947.

Kress, M., W-Y. Liu, E. Jay, G. Khoury, and G. Jay. 1983. Comparison of class I (H-
2) gene sequences. J. Biol. Chem. 258:13929.

Maloy, W. E,, J. E. Coligan, Y. Barra, and G. Jay. 1984. Detection of a secreted form
of the murine H-2 class I antigen with an antibody against its predicted carboxyl
terminus. Proc. Natl. Acad. Sci. USA. 81:1216.

LaLlanne, J-L., C. Transy, S. Guerin, S. Darche, P. Meulien, and P. Kourilsky. 1985.
Expression of class I genes in the major histocompatibility complex: identification of
eight distinct mRNAs in DBA/2 mouse liver. Cell. 41:469.

Schepart, B. 8., J. G. Woodward, M. J. Palmer, M. J. Macchi, P. Basta, E. McLaughlin-
Taylor, and J. A. Frelinger. 1985. Expression in L cells of class I genes from the
mouse major histocompatibility complex. Proc. Natl. Acad. Sci. USA. 82:5505.
Taylor, B. A., and L. Rowe. 1984. Genes for serum amyloid proteins map to
chromosome 7 in the mouse. Mol. & Gen. Genet. 195:491.

Blin, N., and D. Stafford. 1976. A general method for isolation of high molecular
weight DNA from eucaryotes. Nucleic Acids Res. 3:2303.

Chirgwin, J. M., A. E. Przybyla, R. J. MacDonald, and W. J. Rutter. 1979. Isolation
of biologically active ribonucleic acid from sources enriched in ribonuclease. Biochem-
istry. 18:5294,

Melton, D. A., P. A. Krieg, M. R. Rebagliati, T. Maniatis, K. Zinn, and M. R. Green.
1984. Efficient in vitro synthesis of biologically active RNA and RNA hybridization
probes from plasmids containing a bacteriophage SP6 promoter. Nucleic Acids Res.
12:7035.

Southern, E. 1975. Detection of specific sequences among DNA fragments separated
by gel electrophoresis. J. Mol. Biol. 98:503.

Kafatos, F. C., C. W. Jones, and A. Efstratiadis. 1979. Determination of nucleic acid
sequence homologies and relative concentrations by a dot blot hydridization proce-
dure. Nucleic Acids Res. 7:1541.

Maniatis, T, E. F. Fritsch, and J. Sambrook. 1982. Molecular Cloning: A Laboratory
Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY. 202-203.
DeLeon, D. V. 1983. Most early-variant histone mRNA is contained in the early
pronucleus of sea urchin eggs. Dev. Biol. 100:197.

Zinn, K., D. DiMaio, and T. Maniatis. 1983. Identification of two distinct regulatory
regions adjacent to the human g-interferon gene. Cell. 34:865.

Macchi, M. J., J. G. Woodward, E. McLaughlin-Taylor, J. Griffin, L. Hood, and ].
A. Frelinger. 1984. Cloning and identification of the H-2DP gene. Immunogenetics.
19:195.

LaLanne, ]J. L., F. Bregegere, C. Delarbre, J. P. Abastado, G. Gachelin, and P.
Kourilsky. 1982. Comparison of nucleotide sequences of mRNAs belonging to the
mouse H-2 multigene family. Nucleic Acids Res. 10:1039.

Flaherty, L., K. DiBiase, M. A. Lynes, J. G. Seidman, O. Weinburger, and E. R.
Rinchik. 1985. Characterization of a Q subregion gene in the murine major histo-
compatibility complex. Proc. Natl. Acad. Sci. USA. 82:1503.

O’Neill, A. E,, K. Reid, ]J. C. Gaberi, M. Karl, and L. Flaherty. 1986. Extensive
deletions in the Q) region of the mouse major histocompatibility complex. Immuno-
genetics. 24:368.

Steinmetz, M., A. Winoto, K. Minard, and L. Hood. 1982. Clusters of genes encoding
mouse transplantation antigens. Cell. 28:489.

Weiss, E. H., L. Golden, R. Zakut, A. Mellor, K. Fahrner, S. Kvist, and R. A. Flavel.
1983. The DNA sequence of the H-2K" gene: evidence for gene conversion as a



108

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

TRANSCRIPTION OF A Qa REGION GENE IN ADULT MICE

mechanism for generation of polymorphism in histocompatibility antigens. EMBO
(Eur. Mol. Biol. Organ.) J. 2:453.

Arnold, B., H. G. Burgert, A. L. Archibald, and S. Kvist. 1984. Complete nucleotide
sequence of the murine K* gene: Comparison of three H-2* locus alleles. Nucleic Acids
Res. 12:9473.

Schepart, B. S., H. Takahashi, K. M. Cozad, R. Murray, K. Ozato, E. Appella, and J.
A. Frelinger. 1985. The nucleotide sequence and comparative analysis of the H-2DP
class I H-2 gene. J. Immunol. 136:3489.

Sher, B. T., R. Nairn, J. E. Coligan, and L. E. Hood. 1985. DNA sequence of the
mouse H-2D? transplantation. Proc. Natl. Acad. Sci. USA. 82:1175.

Moore, K. W., B. T. Sher, Y-H. Sun, K. A. Eakle, and L. Hood. 1982. DNA sequence
of a gene encoding a BALB/c L transplantation antigen. Science (Wash. DC). 215:679.
Steinmetz, M., K. W. Moore, ]J. G. Frelinger, B. Taylor Sher, F-W. Shen, E. A. Boyse,
and L. Hood. 1981. A pseudogene homologous to mouse transplantation antigens:
Transplantation antigens are encoded by eight exons that correlate with protein
domains. Cell. 25:683.

Devlin, J. J., E. H. Weiss, M. Paulson, and R. A. Flavell. 1985. Duplicated gene pairs
and alleles of class I genes in the Qa-2 region of the murine major histocompatibility
complex: a comparison. EMBO (Eur. Mol. Biol. Organ.) . 4:3203.

Berk, A. J., and P. A. Sharp. 1977. Sizing and mapping of early adenovirus mRNAs
by gel electrophoresis of S1 endonuclease-digested hybrids. Cell. 12:72].

Geliebter, J., R. A. Zeff, D. H. Schulze, L. R. Pease, E. H. Weiss, A. L. Mellor, R. A.
Flavell, and S. G. Natheson. 1986. Interaction between K® and Q4 gene sequences
generates the K*™® mutation. Mol. Cell. Biol. 6:645.

Takiguchi, M., and J. A. Frelinger. 1986. Induction of antigen presentation ability
in purified cultures of astroglia by interferon-y. J. Mol. Cell. Immunol. 2:269.
Mellor, A. L., E. H. Weiss, K. Ramachandran, and R. A. Flavell. 1983. A potential
donor gene for the bml gene conversion event in the C57Bl/10 mouse. Nature
(Lond.). 306:792.

Kress, M., D. Cosman, G. Khoury, and G. jay. 1983. Secretion of a transplantation-
related antigen. Cell. 34:189.

Siwarski, D. F., V. Barra, G. Jay, and M. J. Rogers. 1985. Occurrence of a unique
MHC class I gene in distantly related members of the genus Mus. Immunogenetics.
21:267.

Soloski, M. J., J. Vernachio, G. Einhorn, and A. Lattimore. 1986. Qa gene expression:
biosynthesis and secretion of Qa-2 molecules in activated T cells. Proc. Natl. Acad.
Seci. USA. 83:2549.



