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ABSTRACT The class II products of the major histocom-
patibility complex, also called Ia antigens, are composed of
two polypeptide chains, the a and P chains, both encoded
within the major histocompatibility complex. In man, the class
II antigens can be divided into three biochemically distinct
grodps called HLA-DR, HLA-DC, and HLA-SB. Our isolation
of cDNA clones for the polymorphic fi chain of HLA-DR and
HLA-DC has allowed us to study the organization of the class
II genes. Here we identify the HLA-SB (-chain gene in recom-
binant clones from a cosmid library generated from a consan-
guineous homozygous B-cell line. The SB 3- chain gene is
linked to the SB a-chain gene and the two genes are in opposite
orientation. A second SB (&chain gene, corresponding to a
new SB 3 II locus, has also been identified and cloned. The SB
3chain genes show much less allelic restriction site polymor-
phism than the genes for the ( chains ofHLA-DR or HLA-DC.

The class II products of the major histocompatibility com-
plex (MHC) are responsible for the restriction of cell-cell
interactions between autologous cells of the immune system
as well as for allogenic stimulation of lymphocyte prolifera-
tion. These properties are the result of the extensive allelic
polymorphism that characterizes class II antigens (for a re-
view, see ref. 1). In the human MIJC (HLA), the prolifera-
tive and self-restrictive properties of class II molecules have
been mapped to the D region of the HLA complex (2). The
biochemical equivalent of HLA-D is thought to be the HLA-
DR molecules (3), which are encoded in the DR subregion. A
second group of polymorphic class II antigens, HLA-DC, is
also encoded in the HLA-D region (4). A third class II spe-
cies, HLA-SB, has been identified on the basis of restriction
of antigen presentation (5) and has recently been isolated and
partially characterized (6). The SB antigen has been geneti-
cally mapped centromeric to the DR subregion (7). Each of
the class 11 products is composed of two transmembrane
polypeptide chains, the a and p chain.
A detailed understanding of the role of individual class II

genes in the control of the immune response will require a
knowledge of their number and genetic organization. The
cloning of the cDNA for the polymorphic p chain of HLA-
DR and HLA-DC (8), together with the study of the corre-
sponding genes in genomic clones, has permitted us to iden-
tify several distinct f3chain loci within HLA-DR (ref. 9; un-
published data) and HLA-DC (10). It has thus become
evident that the HLA-D region is more complex than orig-
inally thought. The ability to reprogram animal cells for the
surface expression of HLA-DR through DNA-mediated cell
transformation (11) suggests that it will eventually be possi-
ble to test each of the multiple class II genes individually in
functional assays. Here we extend our analysis of the HLA-
D region of the SB genes. An SB P-chain gene has been
cloned and characterized from a consanguineous homozy-

gous B-cell line, HHK. This SB p8-chain gene (SB p I) is
closely linked to an SB a-chain gene. Furthermore, a second
"SB-like" p-chain gene has been identified and cloned, im-
plying the existence of an SB p II locus in the D region.

MATERIALS AND METHODS

Construction of the Cosmid Library. Details of the cosmid
library will be published elsewhere. In brief, DNA from the
consanguineous homozygous cell line HHK was partially di-
gested with Sau3A1 and fractionated on sucrose density gra-
dients. DNA fractions of 35-40 kilobases (kb) were collected
and ligated with arms of cosmid pOPF (12), which had been
treated with phosphatase. The ligation mix was packaged in
vitro (13) and introduced into Escherichia coli ED8767. The
packaged cosmids were spread, replicated (14), and
screened by colony filter hybridization (15). A DNA frag-
ment from a DR p-chain genomic clone (unpublished data)
labeled by nick-translation was used for these hybridiza-
tions. Colonies that were positive after three rounds of
screening were grown and cosmid DNA was prepared.

Identification of a Possible SB f3 cDNA Clone. The cloning
of class II p-chain cDNA clones from a DR4,w6 cell line has
been described (9). The cDNA clone, shown here to be an
SB 3chain cDNA (see below), was characterized as a clone
from that bank which did not correspond to either DR p- or
DC p-chain cDNA on the basis of restriction maps and hy-
bridization analysis.

Restriction Mapping. Maps of the cosmids were derived
from standard single, double, and triple restriction enzyme
digests. Southern blot analysis was performed on the same
gels to identify the fragments containing gene sequences.
Orientation of the genes was determined by using restriction
fragments representing the 5' and 3' portions of cDNA
clones specific for HLA-DR 83 chain (9), HLA-DR a chain
(16), and the SB p chain. Occasionally a fragment from a
cosmid was subcloned to obtain a more detailed map.

Nucleotide Sequence Analysis. The chemical degradation
procedure according to Maxam and Gilbert (17) and the di-
deoxy chain-termination method (18) after subcloning in
M13 vectors (19) were used to obtain the sequence informa-
tion. A sequence strategy map is given (Fig. 1).

Southern Blot Analysis. Southern blot analysis (20) was as
described (21). DNA from cell lines differing in their SB
specificity was a generous gift of Steve Shaw and Marius
Giphart. The DNA probe used was a BamHI/EcoRI frag-
ment corresponding to the first domain of the SB p-chain
gene and flanking intron sequences. A second probe corre-
sponding to the next EcoRI fragment 5' to the first probe was
used in some of the studies of restriction site polymorphism.
The DNA probes were labeled by nick-translation.

Abbreviations: kb, kilobase(s); MHC, major histocompatibility
complex.
*Present address: Laboratory of Immunogenetics, National Insti-
tute of Allergy and Infectious Diseases, Bethesda, MD 20205.
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FIG. 1. Sequencing strategy for the SB (3-chain gene. Sequence
information was derived from a genomic subclone or from a cDNA
clone. Arrows show sites used and direction of sequence. An X de-
notes chemical degradation; a plain arrow denotes dideoxy chain-
termination. The SB f3-polypeptide chain is diagramed above. The
domains are identified by the disulfide bridges and the transmem-
brane region is denoted by a hatched box. bp, base pairs.

RESULTS
Mapping of Cosmid Clones Containing the SB /-Chain

Gene. A cosmid library of digested DNA from the homozy-
gous B-cell line HHK was constructed by using the cosmid
vector pOPF (12). The library was screened by colony filter
hybridization with a probe corresponding to the first domain
of an HLA-DR 13-chain gene probe cloned in bacteriophage X
(unpublished data). Five of the 10 cosmids that gave a posi-
tive signal did not correspond in restriction patterns to either
DR 13- or DC 13-chain genes and did not hybridize to 3'-un-
translated probes specific for DR or DC genes. Two of these
clones also showed a strong hybridization to a DR a-chain
probe. The clones could be divided into two groups on the
basis of their restriction pattern and strength of hybridization
with the DR 13-chain probe. The first group was mapped by
using (i) a DR 13-chain cDNA probe (9), (ii) an HLA class II
13-chain cDNA probe (later identified as SB 83 on the basis of
sequence overlap), and (iii) a DR a-chain cDNA probe (14).
The map of the first set of cosmid clones is shown in Fig. 2
together with the positions of the fragments containing 13
and a-chain gene sequences. The orientation of the 1chain
gene (SB 13 I) and the a-chain gene was determined by hy-
bridization using 5' and 3' specific probes (see Materials and
Methods). As can be seen, the 13chain gene and one of the a-
chain genes are located in a "head-to-head" orientation. A

a

3' - 5'

second, more weakly hybridizing a-chain gene (a') was lo-
calized to the 3' end of the 13-chain gene. The cosmids of the
second group gave a clearly different restriction pattern and
thus contain a related but different 3-chain gene (SB 1 11; see
below).
Sequence Analysis of the SB /3-Chain Gene. A Pst I-

Sau3A1 fragment corresponding to the first domain of the P-
chain gene described in Fig. 2 was subcloned in M13 and
sequenced. From this sequence analysis, the 1-chain gene
was identified as an SB 1-chain gene on the basis of the ho-
mology of its deduced amino acid sequence with the partial
NH2-terminal protein sequence of the SB 1 polypeptide (6).
At six of the seven positions determined by amino acid se-
quence, the sequence from the cosmid clone was identical.
In one position the protein sequence showed a tyrosine,
whereas the sequence of the gene coded for phenylalanine.
In parallel, a class II 13-chain cDNA corresponding to neither
DR 13- nor DC 13-chain cDNA was also sequenced. It re-
vealed a large sequence overlap, which permitted us to con-
clude that the cDNA sequence was also that of an SB 1-
chain gene, very likely corresponding to an allele of the SB 13
gene (see Discussion). These data are presented in the form
of an overlapping sequence of the genomic and cDNA clones
(Fig. 3). The positions previously determined by amino acid
sequencing (6) are marked by asterisks below the nucleotide
sequence.

Analysis of the SB /3-Chain Gene by Southern Blot Hybrid-
ization. Southern blot hybridization allows a comparison of
the restriction fragments containing the SB 1-chain genes,
both in the cloned cosmids and in the cellular DNA from
which the clones were derived. A DNA fragment corre-
sponding to the first domain of the SB 13chain gene was used
as the probe. DNA from the cosmids corresponding to each
of the two different SB 13-chain genes and DNA from the B-
cell line (HHK) used to construct the library were digested
with HindIII, blotted, and probed with the SB 13-chain first
domain probe. Two strongly hybridizing bands were seen in
the HHK cellular DNA, each corresponding to a band pres-
ent in one of the SB 13chain cosmids (Fig. 4). Hybridization
was strongest to the genomic band homologous to the SB 13-
chain gene from which the probe was derived. The band cor-
responding to the second cosmid group was weaker. At long-
er exposures faint bands corresponding to DR 1-chain genes
could be discerned.

In the case of HLA-DR and DC 1-chain genes, an exten-
sive restriction site polymorphism can be demonstrated by
Southern blot hybridization (21). We have analyzed the SB
1-chain gene with the same procedure. Genomic DNA from
a number of individuals differing in their SB typing but iden-
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FIG. 2. Molecular map of the SB region. The restriction map is derived from three overlapping cosmids. Boxes indicate DNA fragments
hybridizing to either a- or p3-chain probes. Arrows below the genes indicate direction of transcription.
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asn tyr leu
COS AAT TAC CTT

*

phe
TTC
tyr

10
gln
CAG

gly arg gln glu cys tyr ala
GGA CGG CAG GAA TGC TAC GCG

*

20
phe asn gly
TTT AAT GGG

thr gln arg phe leu glu arg tyr
ACA CAG CGC TTC CTG GAG AGA TAC

* *

asn arg glu glu phe ala arg phe asp
COS AAC CGG GAG GAG TTC GCG CGC TTC GAC

40
ser asp
AGC GAC

val gly glu phe arg ala val thr
GTG GGG GAG TTC CGG GCG GTG ACG

50
glu leu
GAG CTG

gly arg pro ala
GGG CGG CCT GCT

ala glu tyr trp
GCG GAG TAC TGG

60
asn
AAC
AAC

70
ser gln lys asp ile leu glu glu lys arg ala val pro asp arg met cys arg
AGC CAG AAG GAC ATC CTG GAG GAG AAG CGG GCA GTG CCG GAC AGG ATG TGC AGA
AGC CAG AAG GAC CTC CTG GAG GAG AAG CGG GCA GTG CCG GAC AGG GTA TGC AGA

1eu val

tyr glu leu gly gly
COS TAC GAG CTG GGC GGG
cDNA TAC GAG CTG GAC GAG

asp glu

pro leu gin his
cDNA CCC CTG CAG CAC

110
his
CAC

pro met thr leu
CCC ATG ACC CTG
GCC GTG ACC CTG
ala val

90
gln arg arg
CAG
CAG

val gin pro lys val asn val
100
ser pro ser lys lys gly

CGC CGA GTC CAG CCT AAG GTG AAC GTT TCC CCC TCC AAG AAG GGG

asn leu leu val cys his val thr
AAC CTG CTT GTC TGC CAC GTG ACA

leu asn gly gln glu glu thr ala gly
cDNA CTG AAT GGA CAG GAG GAA ACA GCT GGG

160
leu val met leu glu

cDNA CTG GTG ATG CTG GAA

140
val
GTC

120
asp phe
GAT TTC

tyr pro gly ser ile glu val arg
TAC CCA GGC AGC ATT CAA GTC CGA

val ser thr asn leu ile arg asn gly
GTG TCC ACC AAC CTG ATC CGT AAT GGA

met thr pro gin glu gly asp val
ATG ACC CCC CAG CAG GGA GAC GTC

pro val thr val glu trp lys ala gln
cDNA CCT GTC ACC GTG GAG TGG AAG GCA CAG

190
ser
TCT

170
tyr ile cys
TAC ATC TGC

asp ser ala arg ser lys thr
GAT TCT GCC CGG AGT AAG ACA

150
asp
GAC

130
trp phe
TGG TTC

trp thr phe glu ile
TGG ACC TTC CAG ATC

gln val glu his thr ser leu asp
CAA GTG GAG CAC ACC AGC CTG GAC

200
leu thr gly
TTG ACG GGA

ala gly gly phe val
GCT GGG GGC TTC GTG

210
ieu gly leu ile ile cys

cDNA CTG GGG CTC ATC ATC TGT
gly val gly ile phe met his
GGA GTG GGC ATC TTC ATG CAC

220
arg arg ser lys
AGG AGG AGC AAG

230
lys val gln arg gly ser ala ter
AAA GTT CAA CGA GGA TCT GCA TAA

cDNA

cDNA

arar-r-r-orr-rer(:SaAaqtrAc.rlPAA~q!GcC(!TAAAC!AA(A(!ATTGCTG-TTTATTAGCACCTGGTTCCAGGACAGACCCTCAGCTTCCC

AAr.AGGATACTGCTGCCAAGAAGTTGCTCTGAAGTCAG CTATCGTTCTG ATTCAAAGCACTG TCTCACTGGGCCTCCAACCATGT

cDNA TCCCTTCTTCTTAGCACCACAAATAATCAAAACCCAACAT(A)24

FIG. 3. Sequence of the SB 3 1 gene derived from genomic and cDNA clones. An * below the line denotes a position whose amino acid
sequence has been determined from immunoprecipitated polypeptides (6) and where the two are identical. At amino acid 9 the tyrosine below
the line indicates the only variance between the two sequences. The origin of the sequence, whether from the cosmid (COS) or cDNA (cDNA),
is indicated on the left of each line.

tical in DR typing, was digested with the following restric-
tion enzymes: Pvu II, Bgl I, HindIII, and Hae III. The
DNAs were analyzed by Southern blot hybridization using
the SB p-chain first domain probe. The results for Pvu II and
Bgl I are shown as examples (Fig. 5). In all cases no variation
was seen in the bands corresponding to the two SB pchain
genes.

DISCUSSION

The ability to understand the interplay of surface molecules
involved in regulating the immune response in man will re-

quire a better knowledge of the genetic organization of the
MHC. The lack of detailed formal genetics of this complex in

man, though making the molecular analysis more difficult,
also makes it essential. This paper presents a heretofore un-

reported linkage analysis of an HLA class II subregion,
showing the molecular organization of the HLA-SB , and a

genes.
We have isolated cosmid clones on which a p-chain gene

and two a-chain genes are found. The p-chain gene (SB , I)
was identified as the SB p-chain gene on the basis of direct

comparison with the partial NH2-terminal amino acid se-

quence of an SB p polypeptide (6). A partial nucleotide se-

quence (data not shown) allowed us to identify the SB a-

chain gene on the basis of its identity with a published se-

quence of an SB a-chain cDNA (22). From both restriction
fragment size and partial sequence, this a-chain gene is ho-
mologous to the gene described by Trowsdale et al. (23).
The identification of a p-chain cDNA clone as SB is based

on its strong hybridization to the SB p-chain gene and on the
sequence overlap in the first domain. In spite of a few nucle-
otide differences, the cDNA is clearly that of an SB p-chain
gene. Indeed, as shown in Fig. 6, the cDNA and genomic SB
p-chain gene sequences are almost identical but are very dif-
ferent from DR p-chain or DC p-chain genes. The limited
nucleotide changes between these two SB p-chain sequences
probably represent allelic polymorphism since the cDNA
was isolated from a different cell line. Comparison of our

sequences with that of another SB p-chain cDNA (26)
shows an extensive homology (>94%) between the three se-

quences. An interesting observation is that all of the nucleo-
tide differences among these three sequences have resulted
in amino acid substitutions. This argues against random

Cos
cDNA

30
ile tyr
ATC TAC

*

80
his asn
CAC AAC
CAC AAC

180
ser
AGT
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FIG. 4. Southern blot hybridization of recombinant cosmids and
of cellular DNA digested with HindIII. Lanes 1 and 2, two cosmids
of the SB-like groups (SB (11) representing separate isolates; lane 3,
the cosmid from which the SB 1 gene sequence was derived; lanes
4 and 5, cellular DNA (HHK), with lane 5 being a longer exposure.
The markers on the left are phage X digested with HindIll.

point mutation as a mechanism of divergence in the genera-
tion of SB p-chain polymorphism.
As detailed elsewhere (27), sequence comparisons be-

tween the different subregions of HLA have shown that the
p8-chain gene of SB is equally related to DR , and DC , (75%
homology). The murine homologues ofDR p and DC pare I-
E p and I-A p, respectively, whereas the best hybridization
to SB 8 was shown by a second I-E gene (p82 in ref. 28).
Furthermore, the Ep2 gene is not restricted to a second do-

66

FIG. 5. Southern blot analysis of DNA from DR identical indi-
viduals varying in their SB typing. (A) DNA digested with BgI I. The
SB typing is as follows: lane 1, SB 1,4; lane 2, SB 2,4; lane 3, SB 3,4.
(B) DNA digested with Pvu II. The SB typing is as follows: lane 1,
SB 1,4; lane 2, SB 1,2; lane 3, SB 2,4; lane 4, SB 3,4. The arrow-
heads denote the positions of migration of phage X markers after
HindIll digestion.

main as originally thought but seems to include a 8-chain
first domain as well (27).

Overlapping cosmid clones have allowed us to link the SB
a- and ,pchain genes. The SB a- and p-chain genes are about

78
LEU GLU GLU LYS ARG ALA VAL PRO ASP ARG MET CYS ARG

SB

DR p

1 CTG GAG GAG AAG CGG GCA CTG CCG GAC AGG ATG TGC AGA
2 ----- ----*----- A--

1 --- --- C-- --- --- --C GC- GT- --- -CC TAC --- ---

2 --- --- C-- --- --- -GC GA- GT- --- -AT TAC --- ---

DC p 1 --A --- -G- GCC --- --G TC- GT- --- TC- GTG --- ---

2 --- --- AG- --A --- _G GC- GT- --- --- GTG --- ---

FIG. 6. Comparison of SB (chain gene sequences with DR and DC -chain gene sequences. SB 1 is from the cosmid sequence and SB
,( 2 is from the cDNA sequences shown in Fig. 3. DR , 1 (9) and DR 8 2 (unpublished data) were determined in our laboratory. DC,8 1 (24) and
DC 2 (25) are from published sequences.
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10 kb apart. Interestingly, the two genes are oriented head-
to-head with respect to the direction of transcription. This
could allow the coordinate regulation of these two genes
from a central promoter region. In mice the a and p genes of
the two class II subregions, I-E and I-A, are oriented in op-
posite polarities but in a "tail-to-tail" manner (28). An addi-
tional a-chain gene or pseudogene (a' in Fig. 1) was localized
to the 3' side of the 3-chain gene by hybridization under low
stringency with the DR a cDNA probe. On the basis of this
weak hybridization this second a-chain gene is much less
related to the DR a-chain gene than is the SB a-chain gene.
This gene does not hybridize with a DC a-chain probe. The
exact nature of this second a-chain gene and its relevance to
class II biology is unclear.

Extensive allelic polymorphism is a striking feature of the
class II genes in both man and mouse (1). In the case of
HLA-DR p-chain genes, allelic polymorphism affecting re-
striction enzyme sites in and around the genes can be dem-
onstrated directly by Southern blot hybridization (21). Each
known HLA-DR haplotype can be distinguished by this type
of analysis (unpublished data). In contrast, the same analysis
performed with a DNA probe corresponding to the first do-
main of the SB p-chain gene (SB p I) failed to reveal evi-
dence of polymorphism in the restriction enzyme sites of
four enzymes (Fig. 5). Therefore, we conclude that the struc-
tural polymorphism in and around the SB p-chain gene is
more limited than in the case of HLA-DR. By using an SB f3-
chain cDNA probe, a limited HindIII site polymorphism, in-
volving a 5.8-kb HindIII fragment, has been reported (26).
However, this polymorphic site does not correspond to the
SB p I gene shown in Fig. 2 but to the second SB-like p-
chain gene SB p II (see below). To the extent that restriction
site polymorphism is an indicator of sequence variability
among alleles, it appears that the SB genes are in a region of
the MHC that is much less affected by allelic sequence varia-
tions than are the DR p-chain genes.
Another non-DR, non-DC p-chain gene was identified on

two of our cosmid clones. It shows very good cross-hybrid-
ization with the SB P-chain gene shown in Fig. 2. The pres-
ence of this second SB A-chain gene in cellular DNA is cor-
roborated by Southern blot hybridization (Fig. 3 and ref. 27).
Comparison of the nucleotide sequence of the first domain of
this second SB p-chain gene to that of SB p I, DR (3, and DC
3 (10) shows unequivocally that this second SB p-chain gene
belongs to the SB family. Consequently, we refer to this sec-
ond SB gene as SB p II. The existence of this gene expands
the number of SB-related p-chain loci to two. Following the
discovery of multiple nonallelic p-chain genes in the case of
HLA-DR (9) and HLA-DC (10), this finding of two loci for
SB p-chains illustrates the unexpected genetic complexity of
human class II genes. The correlation between the pheno-
typic effects attributed to that region of the MHC and each
of the different class II genes has become a real challenge.
The cloning and identification of the SB A3 genes allows us
now to study the expression and function of these genes by
DNA-mediated cell transformation and thus to approach the
question of their individual role in controlling the immune
response.

We thank Marius Giphart and Steve Shaw for cell lines and DNA,
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