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ABSTRACT

A t o t a l of 5724 base p a i r s of a recombinant phage DNA containing a human
HLA-DR heavy chain gene inc luding f lanking reg ions has been analyzed. The
regions corresponding to a l l the exons have been i d e n t i f i e d . The s i t e s of
i n i t i a t i o n of t r a n s c r i p t i o n and polyadenylat ion have been determined. A
la rge i n t r o n of 2399 base p a i r s separa tes the f i r s t exon containing the 5 '
un t r ans l a t ed region and the s i g n a l pep t ide from the second exon conta ining
the N-terminal pept ide domain.

INTRODUCTION

The major h i s tocompat ib l i ty complex (MHC) in man i s located on chromosome

6 and i s composed of 3 c l a s se s of a n t i g e n s .

Class I i s a highly polymorphic gene family defined by three genet ic l o c i ,

HLA-A, HLA-B and HLA-C (1 ) . On the nuc le i c ac id l eve l t r a n s c r i p t s of c l a s s I

gene products w i l l c rosshybr id ize to each o ther as well as to spec ies homo-

logous to the murine TL and Qa ant igens ( 2 ) . Class I ant igens a re membrane

glycoprote ins noncovalently a s soc ia t ed with >92-mlcroglobulin ( the gene for

which i s located on chromosome 15) . They a r e commonly expressed in a l l t i s s u e

c e l l s , and i t has been shown tha t they a re recognized by cyto toxic T c e l l s

along with v i r a l ant igens or as a l l o r e a c t i v e t a r g e t s ( 3 , 4 ) .

Class I I ant igens ( I r or inmune response genes) a r e encoded by a gene t ic

region c a l l e d HLA-D. They represen t a gene family of more l imi ted polymorphism

expressed on the c e l l surface of lymphoblastoid c e l l s and in t i s s u e involved

in inmune processes ( 5 , 6 ) . They a r e two chain membrane glycoprote ins composed

of a 34000 da l ton heavy chain («0 in noncovalent a s s o c i a t i o n with a poly-

morphic 29000 dal ton l i g h t chain (fi). Both chains p i e rce the membrane ( 1 ) .

I t has been shown tha t HLA-D region products together with ant igen a r e p r e -

sented on the c e l l surface of macrophages and a re recognized by syngeneic T

c e l l s r e s u l t i n g in T c e l l p r o l i f e r a t i o n ( 7 , 8 , 9 , 1 0 ) . So far experimental e v i -

dence has been presented for the ex i s tence of 3 c l a s s I I r e l a t e d ant igens
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called DR, DC and SB (11,12,13,14,15). Class I I I antigens are peptides of the

complement group (16) .

We have focussed on the complete s t ruc tu ra l analysis of the HLA-DR heavy

chain gene in an attempt to broaden our understanding about regulat ion and

action of t h i s gene product and for comparison with other oi chain genes in man

and in other species.

METHODS

DNA c l o n i n g and sequence a n a l y s i s : A human genomic DNA l i b r a r y ( f e t a l l i v e r ,

HLA type unknown) in phage lambda Charon 4A (17) was sc reened wi th t he probe

pDRH-2 (18) as d e s c r i b e d p r e v i o u s l y ( 1 9 ) . DNA fragments of t he recombinant

phage were subcloned in to the plasraid vector pDC9. Restr ict ion s i t e s (Fig. 1)

were labeled at the i r 5' ends using polynucleotide kinase (PL Biochemicals)

and 32P-fATP (10 mCi/nMol, a gif t of Rick Myers), or a t the i r 3 ' ends using

the KLenow fragment of Polymerase I and P-ofdNTP's and subjected to the base

specific degradation reactions according to Maxam and Gilbert (20). The

cleavage products were analyzed on 80 x 30 x 0.03 cm 81 polyacrylamide urea

gels .

Extraction of RNA and S nuclease mapping: Total RNA was extracted by the

method of Auffray and Rougeon (21) from the lymphoblastoid B c e l l l ine JY

(DR 4,w6). 20 ,ng of t o t a l RNA together with 5000 cpm of an end-labeled DNA

fragment in a t o t a l volume of 20 ,ul containing 0.5 M NaCl, 40 mM PIPES, 1 mM

EDTA and 8 Z formamide (Mallinckrodt) was denatured for 5 minutes at 75 C

and annealed for 12 hours a t 42°C. The sample was diluted 10 fold at 37 C

into buffer containing 0.2 M NaCl, 4 mM ZnCl , 30 mM NaAc pH 4.5 and 40 U of

S1 nuclease (PL Biochemicals) and incubated for 30 minutes at 37 C. After

phenol/chloroform extract ion and isopropanol prec ip i ta t ion , samples were

applied to 5% polyacrylamide urea gels as described (22).

RESULTS

Analys i s of genomic c l o n e lambda DRH-6A

A human genomic l i b r a r y i n lambda Charon 4A (17) was sc reened wi th t he

cDNA probe pDRH-2 ( 1 8 ) , r e p r e s e n t i n g t he c a r b o x y - t e r m i n a l 31 amino a c i d s and

the e n t i r e 3 ' untranslated region of the HLA-DR heavy chain, as described

previously (19). A phage, lanbda DRH-6A, was isolated containing a 3.2 kb

EcoRI fragment, which hybridized to pDRH-2 and has been characterized in de-

t a i l (19). I t represented a l l the coding portions of the DR heavy chain

polypeptide except for the signal sequence including amino acids one and two
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Fig. 1: Restriction map of the genomic clone lambda DRH-6A and the over-
lapping aubclone8 3.2 kb EcoRI and 6 kb Pstl . The symbols for restriction
enzymes are: A Ace I, B Bglll, b BaH, C Clal, E EcoRI, H Hindlll, P Pstl ,
S SstI, X Xbal, Y Xmal• Intron-exon organization and the region sujected
to nucleotide sequence analysis is shown below the map. Solid blocks re-
present exons.

of the mature DR heavy chain and the 5' untranslated region. The missing part

was identified as follows: a 225 bp Sau3A primer fragment (position 3010 to

3235, see Fig. 3 below) was purified by polyacrylaraide gel electrophoresis,

denatured and hybridized to total JY RNA. In a primer extension reaction (23)

a product which was 150-160 bp larger was found (results not shown). The same

extension product was used as a probe to identify a 6 kb Pstl fragment which

was subcloned into the pUC9 plasmid vector and analyzed by restriction map-

ping (Fig. 1) and sequence analysis (see Fig. 3 below). I t appeared from

these studies and from the S nuclease mapping experiment described below

that the 5' untranslated region and the signal peptide are encoded in one

exon of 148 nucleotides separated by an intron of 2399 nucleotides from the

next downstream exon. The complete transcriptional unit of the HLA-DR heavy

chain is therefore spl i t into 5 exons (Fig. 1 and Fig. 3): 5' untranslated

region, signal sequence and amino acids one and two of the d\ domain in exon

1; 0(1 domain in exon 2;O(2 domain in exon 3; connecting peptide, trans-

membrane, intracytoplasmic region and 11 bp of the 3' untranslated region

in exon 4 and the remainder of the 3' untranslated region in exon 5. The

overall intron-exon organization has been confirmed by the structure of the

corresponding cDNA clones (23,24,25,26).

The init iation s i te of transcription

The 5' end of HIA-DR mRNA was mapped approximately to position 449 by S.
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Flg.2:
A: Determination of the 5' I n i t i a t i on s i t e of t r anscr ip t ion of the HLA-DR Of
chain gene -by S.̂  nuclease mapping. A 135 bp Ball fragment (posi t ion 380 -
515 Fig 3) was 5 ' end labeled, strand separated and annealed to 30 <ug of t o t a l
JY RNA (lane 1) or to 3/ ig of polyA selected JY mRNA (Iane2) as described
in Methods. The same fragment was subjected to the base specif ic degradation
reactions according to Maxam & Gilbert and run side by side on a 5Z polyacryl-
amide urea gel (lanes GATC). The labeled probe and protected fragments are
shown in the small schemes below.

Ball
I 5 '

Ball

B: Determination of the 3 ' end by S nuclease mapping. The probe was a 3' end
labeled 360 bp TagI - EcoRI fragment (posit ion 5365 - 5724 Fig. 3). M, marker
fragments in basepairs ; lane 1: input DNA probe, lane 2: annealing of probe in
the absence of RNA, lane 3: annealing of probe in the presence of RKA shows
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two protected fragments (indicated by arrows) differing by 10 - 15 bp corres-
ponding to the second polyA addition site at position 5570 in Fig. 3. Labeled
probe and protected fragments are shova below.

TaqI . . ,, EcoRI
I PA ^ 3

nucleaae mapping (Fig. 2A). A 5' end labeled Ball fragment of 135 bp (cor-

responding to position 380 to 515 in Fig. 3) was hybridized to total JY RNA

and treated with S.. nuclease. The protected fragment could be mapped to the

corresponding DNA sequence as shown in Fig. 2A. The Cap position 449 in

Fig. 3 may indicate the most upstream possible transcript; the major start

positions are to be expected in the region 5 to 10 bp downstream (arrow in

Fig. 2A). The first AUG codon is located at position 513 resulting in a 60 to

65 bp 5' untranslated sequence followed by 25 amino acids of the signal pep -

tide. This sequence was identical to the partial sequences of the 5' untrans-

lated region of an HLA-DR cDNA clone (27) .

The termination s i te of transcription

The cDNA clone pDRH-2 (18) apparently contained a complete 3' untrans-

lated region running into a stretch of polyA. According to this transcript

the termination signal would have to be placed at position 5570 AATAAA in

Fig. 3. However two potential polyA addition sites are located in the 3' un-

translated region corresponding to position 5472 and 5570 respectively. An

S. nuclease mapping experiment was performed in order to show if one of the

two termination signals is used preferentially. A 360 bp Taql-EcoRI fragment

(position 5365-5724) was 3' end labeled, denatured and hybridized to total JY

RNA as described in the methods section. After S.. nucleaee treatment the only

detectable products of 220 and 235 bp mapped close to position 5596 (Fig. 2B)

indicating that the termination signal 5570 was used exclusively in JY cells.

No shorter transcripts corresponding to the first termination signal at po-

sition 5472 could be detected. However the detectable signal corresponding to

the second polyadenylation site was split into two bands differing by 30-15

nucleotides, indicating two transcripts, the first one mapping to approxima-

tely position 5585 and the second to position 5596. In this region a ByIII

restriction site polymorphism has been reported (23). The finding of two

different transcripts in the 3' end may indicate the existence of two slightly

different alleles of the HIA-DRa chain gene in the cell line JY (DR4,w6). The

same two bands were found with RNA from the cell line LB (DRw6,w6 but not homo-
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zygous throughout the MHC).

Structural elements In the DNA sequence

The complete sequence (Fig. 3) was determined from the two overlapping

subclones shown in Fig. 1 by the Maxam and Gilbert sequencing protocol (20).

With the ini t iat ion s i te at position 449 and termination at position 5596

a precursor transcript of approximately 5150 bp + 150 polyA would be predicted.

The DNA sequence has been searched for elements of symmetry, repeats and con-

sensus sequences by Homology Matrix computer programs (28) . Some of the more

obvious ones are listed below: position 318-325 and 331-338 imperfect tandem

repeat may correspond to the minus 100 ini t iat ion signal described by McKnight

e_t al. (29); position 381 TTGGCCAA corresponding to the minus 65 to 75 in i -

tiation region CCAAT (30); position 441 TATTA Hogness-box candidate; position

423-436 a 7 bp inverted repeat; position 451-463 a 7 bp inverted repeat lo-

cated in the 5' Cap region which may in part be responsible for the broad sig-

nal observed in the S.. nuclease mapping in Fig. 2A; position 849 the element

TGGGGG repeated 4 times; position 993 homopolymer 8 A; position 1965 homo-

polymer 10 A; position 4746-4826 shows a 23 bp element repeated 3 times in

intron 4; position 5421-5438 a 9 bp direct repeat; position 5501-5516 7 bp

palindrom; position 5472 and 5570 AATAAA termination and polyadenylation sig-

nals; two additional AATAAA signals were observed in the f i rs t large intron

position 1581 and 2300.

Extensive regions of the human HLA-DRa chain gene and i t s murine homolog

IEa (31,32) have been compared. The coding regions are 82X homologous and

intron sequences in the range of 552 to 65Z except for a 90 bp element loca-

ted in the f i rs t large intron (corresponding to position 2050 to 2140 in

Fig. 3) showing 75Z homology. I t will be of interest to search other class II

antigen related sequences for homology to this element.

An interesting observation was made in the promotor region. A segment of

95 bp (position 37 to 130 in Fig. 4) of the human and murine promotor regions

are nearly identical except for a 31 bp insertion in the human sequence as

compared to the murine, changing the promotor sequence drastically (Fig. 4).

The putative TATA-box and the 7 bp inverted repeat position 423-436 (Fig. 3)

is contained within this 31 bp insertion. This segment of the human gene sub-

st i tutes for the murine TATA-box region and results in a shift converting the

murine TATA-box region into the minus 55 region in the human gene, possibly

resulting in a more heterogeneous Cap s i t e .

By comparison of the promotor regions of the murine light chain gene IES

with the analogous sequences of DRa and IEa Saito e_t ^ 1 . (33) have observed
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1 AGTACTGCCA AATTCGAGAC AATCTCCATG ACCTGACAAT TTACCTTCTA TrTOGGTAAT
61 TTATTCTCCC TTACGCAAAC TCTCCAACTG TCATTCCACA GACATATGAT CTCTATTrAG

1 2 1 CTCTCACnT AGGTCTTTCC ATTOATTCTA TTCTCACTAA TGTGCTTCAG GTATATCCCT
1 8 1 GTCTAGAAGT CAGATIGGGG TTAAAGAGTC TGTCCGTCAT TOACTAACAG TCTTAAATAC
2 4 1 TTOATITGTT GTreTTGlTG TCCTGnTGT TTAAGAACTT TACTTCnTA TCCAATGAAC
3 0 1 GGAGTATCTT GTGTCCTGGA CCCnTQCAA GAACCCTTCC CCTAGCAACA GATOOGTCAT
3 6 1 CTCAAAATAT TnTCTGATT GGCCAAAGAG TAATreATTT GCATTTTAAT GGTCAGACTC

4 2 1 TATTACACCC CACATTCTCT m i T m ' A T TCITGTCTGT TCTGCCTCAC TCCCGAGCTC
M o t A l a l l e S e r G l y V a l ProVi lL«nG

4 8 1 TACTGACTCC CAAAAGAGOO CCCAAGAAGA AAATOGCCAT AAGTGGAGTC CCTGTGCTAG Q I C ,
l y P h e P h e l l e l l o A l i V i l LouMetSerA U G l n G l o S e r T r p A l a l l e Ly.G

5 4 1 GATTnTCAT CATAGCroTG CTGATGAGOG CTCAGOAATC ATOOGCTATC AAAGGTAGOT
6 0 1 GCTGAGGGAA TGAAATCTGG GAOGATAGAC TACGAAGCAT TOGAGAAAAG ACCTATCGAC
6 6 1 AlTreGAAGA TAATGTSTCG AGTBAAAGAA TAGTGTGACA GGTATTATGT GGTCTCBACA
7 2 1 GAAAGTATAA CAAATTOTCG ITreflTGGAG TTCTTCCCrC ACCACAAACT GAAGTAAGTC
7 8 1 AAATTIGGTr TAGAGGGTCA AAACTGAGTT GTGTATTOAT GAATAGCACG GTCCTGCTAC
8 4 1 AAGCCAAACT GGGGGTGGGG GTGGGGGTGG GGGAGGAAGA ATAnTTCTG GCAAGCATTA
9 0 1 ACAAGTTATA nTCTGGGCr TTAATTATTC TITCTGGAAA ATTAGTAAAA TTAAAAACTA
9 6 1 AAAACCACAC ATAGTnTGT TAGAATTAAA TGAAAAAAAA AGTTATTAGC CCTOTTCTTA

1 0 2 1 TCTGAATACA TOATACAGTA G T T A T n n T GGAGTBTAAA TCCTGTCGGT ATATATTOAG
1 0 8 1 CACATATATT GTGTTOAAGA TTACTAGAAG GAAAAGTCAT CAAAAAGCAA CAATITACCC
1 1 4 1 CAGGAAAAGG GGAGGGAAGG CATOCTGATA TGAGTTCCCT CATCGGACAG TCATAGCCAT
1 2 0 1 TCCCTGCCTT CCCATCTCCA TGGTACAGCA GATCTTATAT CATGTTAACT TAGTAATATT
1 2 6 1 TCCAAGAGAG TAGAAAAATA AGTAAGGAAA TGGGGAATCT GATATTATTO TCTCTCATCT
1 3 2 1 CCAGAGCAAC ATTGGTCCTG TTCTAAAGAT GTACTGTAflA AAAGTA1TCT TCACCCAGOG
1 3 8 1 TBACCCCCAC AGAAGGTGTC AGGTAGACTT GGAATAAGCA AAGTAATAAC CCAGCTCCCA
1 4 4 1 TACCCATAGT GGCAATTOTA GATrrCTATr GCCCCAAAAG AGCCATACAT AGGGATACIT
1 5 0 1 ACCTAGAAAG ACAGAGGATC TTCCCTreGT TTCTGAAGAG GCAGCTAGTA TAriTGTGTG
1 5 6 1 TGTTTGCATA GATCGAAGTA AATAAA1TCC TAGGTITATC AATACACAGT CAAACATTTA
1 6 2 1 AAATCTCTCA TCTTGGCrGG GCACGGTGGC TCACGCTAAT CCCAGCACTT TGGGAGGCCG
1 6 8 1 AGGOGGGCGG ATCACGAGGT CAAGAGATCG AGACCGTCCT GGGCAACATG GTGAAACCCC
1 7 4 1 GTCTCTACTA AAATACAAAA AATTAGCrGG GTATGGTGGC ACACGCCTGT AGTCCCAGCT
1 8 0 1 ACTCGGGAGG CTGAGGCAGG AGGATTGCrT GGCCCGGGAG GOGGAGGTre CAGTGAGCTG
1 8 6 1 AGATGGTGCC ACTGCACTCC AGCCTGGCGA TAGAGCAAGA CTCCGTCTCA AACAACCAAA
1 9 2 1 CCAAAACAAA ACAAAATATC TCACCTTATC TITGAAGACT AAGGAAAAAA AAAATCTCCC
1 9 8 1 ACTCATCGAT ACACTCCACA GAGGCAGCAT ACTCTCCCAG TGTAGCnTC TCTnTCATB
2 0 4 1 rrCATTAITC CCrrGGTGlT GGTTATrCTC AATGTCAATC GTAACAGAAC ATCTTCCATA
2 1 0 1 ATAACAGTCC CAATITAAGG AGCATTAAGA TAAAAGGTOG AATTGCCAAG GTCAATCCAG
2 1 6 1 ACGAGAACCT TCTCATAGAG GTAACCACOG TGTCGGTTTG GATGCTGGGA AGCAGGGGGA
2 2 2 1 CTATGACGCT ACAAGGTCTC AGTCTTAATT TTIGGAGTAC TTCAGTCCCC AGGTATATIT
2 2 8 1 TCCATAGATT TGGCCCTTAA ATAAAAAGAA GCITCTGACT CTAAAATGTA AACAGTBCTT
2 3 4 1 GTTACAGTCT TGTTCATATA TTAAGAAATT ACTCACCTTA TCTCATTTAA TCTTAAAAAC
2 4 0 1 AAACCCCTGA CAGGATCAAA ACCACAGCAG GACTACATAA TAGGAAAACT ATACATAAAT
2 4 6 1 AGGTAGAATA ATCTGCTCAG GATCACTAGG TAAGTTOCTG AATAAGAATT CAAGATOAAA
2 5 2 1 AAGATCCCAG AGTITAAAAC CCAACCTITC AAACAGTGTT TCCTTCITCr TAGAGTACAA
2 5 8 1 TCTTCTGAGA AAGAGATCCT CTGGAATTCT GGCCTAAGTG TATETAATOC CCGGGTAAAG
2 6 4 1 AAAGTCAGAG AACATITCTC TTTAGGGGCT GCTGCTGGAT TTCTAAAAAG AAAATAATTT
2 7 0 1 CTCAGCTAGT AACATGGAGC CAAACAACAG CTTCACAAGA CrCTGGGTrC TITAGCCCTC
2 7 6 1 ATCTCCTTCA ATCCACCCTC TTATAACCAG TCCTTCTTGT TnTCCCCTC CCAGCTTIT3T
2 8 2 1 TCAGCAGCAT GCCCTTCACC CAGACCTTBT CTTOTCACTC ATCCCTACTC GCCATCATTC
2 8 8 1 nTCATTCCT CTTGGCCCAA TCTCTCTCCA CCACTTCCTG CCTACACGTA TBTAGGTCAC

I n
2 9 4 1 CATTCCCCTC TCTTGATTCC CCCCGCCCAA CTCTCnTCT CCAnTCTTC CCTTTCAGAA

G l n H i i V t l l l e l l e G l n A l aGloPheTyr LenAinProA t p G l n S e r G l yGlnPheMet r > / I
3 0 0 1 GAACATGTCA TCATCCAGGC OGAGTTCTAT CTGAATCCTG ACCAATCAGG CGAGTTTATG C ? \ I

PheAlpPheA i p G l y A i p G l n l l e P h e H i t V a l A t p H e t A l l L y l L y s G l n T h r V i l T r p
3 0 6 1 TTTOACnTG ATCGTGATGA GATTTTCCAT GTCGATATGG CAAAGAAOOA GACGGTCTGG

8669

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/11/24/8663/2379311 by guest on 25 April 2024



Nucleic Acids Research

3121

3181

3241
3301
3361
3421
3481
3S41
3601
3661

3721

3781

3841

3901

3961
4021
4081
4141
4201

4261

4321

4381

4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701

ArgLeaGluG
CGGCTTCAAG

l u F h e G l y A r
AATTTGGACG

gPheAliSer PheGluAl.G lnGlyAltLe
ATTTCCCAGC TTH3AGGCTC AAGGTGCATT

oAltAtnlle
G C C C A A C A T A

AliVtlAipL
G C T G T G G A C A

ytAlaAinLe
AAGCCAACCT

o G l n l l e M e t ThrLyiArgS erA»nTyrTh
G G A A A T C A T G A C A A A G C C C T C C A A C T A T A C

rProlleTir
TCOGATCACC

<x\
A t n V
A A T B G T A C C T
GcrrcAGcrc
C A T T A A C A A G
C T I U I T U T G C
G T T C A T G C T A
AATcrcrreo
C A G G G C A C A A
T T G A G C A T O G

C A T G T O T C C C
g G l u P r o A s n
A O A G C C C A A C

C C C T C T C T G C
T T T Q T G T T A G
C C C C A A A T T C
T C A A G T C T T O
G G G G A G C C A G
G G A G G G G G T G
rrrcAACTAC
G A G G G A G A G G

tlProP
C C A G T A C C T C

T G C A C T C C T G
A T T A T T G T A A
T C A T G C C A G A
T C T C T G T C A T
A A G G G A A G T C
C T 6 T C A G A G A

T T T T T C A G C T
G G T G A G C C T A
roGlnVilTh
C A G A G G T A A C

G A C A C G G G A A
C T G A T T T T C C
G G T C T G A G A A
C C A T G G T C T C
C T T G G A T A T C
C T G T T A T C T G

T T A G G G T T I T
A G C A G T G A O G
r V t l L e u T h r

T G I G C T C A C G

T C C A T A G T I T
C T C C A A G G G C
C T T T A T B G C T
C T A C G A A G T C
T T A T A C C T C A
A G G A T G T G A C
T A G A T A C G T T
G C T G A T T C T G
A t n S e r P r o V
A A C A G C C C T O

G A A A G T A G T T
(TAACcrroc
TTGATCCTAT
AITGCCCTAA
ATATTGCCTC
ATAGACTTCT
TGTACCACAA
TCACGTCTGT
t l G l n L o a A r
T G O A A C T G A C

V«lLenIleC
G T C C T C A T C T

ylFhelleAi
G T I T C A T C e A

p L y s P h e T h r
C A A G T T C A C C

ProProVilV
C C A C C A G T G G

• l A i n V . l T h
TCAATGTCAC

rTrpLenArj
GTGGCTTCGA

AinGlyLy«P
AATCGAAAAC

roValThrTh
CTGTCACCAC

rtlyV.lSer
A G O A C T G T C A

GlnThrVilP
G A G A C A G T C T

h e L c n P r o A r
T C C T G C C C A G

CX2
gGlnAtpHit
G G A A G A C C A C

L e u P h o A r g L
C T T T T C O G C A

y t P h e H U T y
AGTTCCACTA

rLenProPhe
TCTCCCCITC

LenProSorT
CTGCCCTCAA

hrGlnAspVt
CTGAOGACGT

lTyrA»pCy»
TTACGACTGC

A r g V t l G l u H
AGGOTGGAGC

i«TrpGlyLe
ACrGGGGCTT

n A i p G l o P r o
GGATGAGCCT

LeuLeoLytH
crrcrcAAGC

iiTrpG
ACTGGGGTAT

GGACCAACAC
GGTGTTCTAA
CAGCTTCCTC
TTAATCTATC

TCTTCCCACA
o r P r o L e n P r
GCCCTCTCCC

TCAATCTCCr
CTGTITCATA
CrTTTTTTAA
AATAACTTIT

CTCATTACCA
oGluThrThr
AGAGACTACA

TTATTTCAAG
ATATCTGCTA
TCTGTAATTC
CTCTTTCTAA

TGTACTCTGC
G l n A s n V t l V
G A G A A C G T G G

G T T T C C r C C r
C A A T T A A T A T

T C T C A A T A C A
A G A A C C C T A C

C T T A T C T C C C
•ICylAliLo
T G T G T G C C T T

A T G A T G C I T G
A A C T G T C I T C
T C A T r C T G T C
A T T T O A T T C T

lnPle
CCCAGAGTTT

TGTGAAACTC
TCCTACTATC
TTCCTCTTCT
GAGTGTTACT
A t p A l a P r o S
GATOCTCCAA CP

o G l y L c n T h r
G G G C C T G A C T

V«lGlyLonV T l k i
GTGGGTCTGG ' •» !

•lGlyllell
TOGGCATCAT

oIleGlyThr
TATTGGGACC

IlePloIlel
A T C T T C A T C A

leLyiGlyLe
TCAAGGGATT

nAr(LytSer
O O G C A A A A G C

AtnAlmAltG A y
AATGCAGCAG V> '

loArgArgGl
A A C G C A G G G G

y P r o L e n » * »
G C C T C T G T A A G G C A C A T G G A

A T A T G G A G A T
A U A C A A G G T A
G T A T C A T C T G
G A T C A C G G C T
A T A C T G A G T C
A C T G A G T C T A
T C C T G G G C C A
T C A A T T C D T r
T C T C A A A T G T
G T T G G A G A G T
TOAAAGAA1T
G C T C A A A A C G
T T C r T A G A G A

A T C T G A G G G A
G G A A C A G A T G
G T A C C C C A A A
C C A G T C I T A G
T A G G G A T C T A
G G G A T C T A G A
G G T C A T C A G T
G C A T O A A A T G
A G T A T G A G A A
A G G A A C T A A C
T T G C A A A G T C
G A T C T T A A A T
G A A G A T C A C T

G G A A A A T C A G
T J G G C T C n G A
G C T T C A G G G T
A A A T C A T C T C
G A A A A T A C A T
A A A A T A A G C C
T C A G A A G C A T
G G A A T C T C T T
A C T C T A A A A A
T G T A T A C A G T
A A A G G A T T A A
T C C T T G G T A A
G A A G A A A C T T

G . G T C A G T T A G
G G T G G G G A A A
T T T C T C T T T G
C T G T C A T C C C
C A G T A C C T A A
T A G A A T A T G G
T C A A G A T T T G
T T C C A G A T C C
A G A G G C C A A T
A G G G T A A G A C
T A G T T C A T G T
G A G A G A A G A G
C T A T G T G T G T
C T G C T T T A A T

G T G T G G T C A G
G G A A A T G T A A
C T A G A A T G A A
T I T C T A T A G A
A A C C A T I G T r
A G T C T A G G G A
G G C A C A T C C T
T G G C r C C T T T
G C C T G C m T
A T G G T I G C T T
T G G A A A G G T T
G A A G G A A T C T
CTTGCTATAG

G A C T I T A C A A

A G G A A G A C A T
T G C A n T A A G
T C A G A C A T I G
a j G G C A C C T T
T C A C A T T A G A
T C T A G A A A A T
A G C T T B T A I T
C A G G T T A G G G

G C T T C n T A G
A T T A H 3 T T C A
A G A T G A A C A T
G A A G C A A G G A
G T G A T C G T G T
A G C T G G C A A T

A T T A C A A T C C T T G A C C T C A G T G A A A G C A G T C A T C T T C A G C G T T T T C C A G C C C T A T A G C C A
C C C C A A G T C T G G T T A T G C C T C C T C Q A T T O C T C O G T A C T C T A A C A T C T A O C T G G C T T C C C r - J l l - i -
G T G C C C C T G T A T C T A T T T £ C T C I A C C T A T C ^ l A T T A T C A C C A T G C v J J 'G T U I C I A i X L C C T A

TCCTCT
A T C A C C A T G C v J +J '

A A T G C C T C T G G A A T A A A A C A T A C A G G A G T C TCTCTCTGCT A T G G C C C A T C G G G C A T C T C T
T G T G T A C T T A T r G T T T A A G G T T T C C T C A A A C T G T C A T T T r T C T G A A C A C A A T A A A C T A T T

G G G G A G T O G G T C C T G G G G A A
T T T A T C T T A T A A A T T C T A G A

G G m u f i A A T T T n v K j U j T T T A A G C L A G T T C T T T G G G T C G C G G T C G G G G G T
T A T A T G T G A T C C T T T C C O G G T A A A A T A T C T G A A T G T T G A A
A T T C
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two conserved elements not otherwise discernable between the nearly Ident ical

human and murine 51 flanking regions (Fig. 4 and ref. 31). These two e l e -

ments (indicated by s t ippled boxes in Fig. 4) are separated by 20 nucleotides

and are located 50-100 bp upstream of the Cap s i t e . In addit ion the two cor-

responding elements are s t r ik ingly conserved in the murine IA6 gene (34), in

a human HLA-DCB gene ( J . Boss personal communication) and in a human HLA-DCa

gene (J . L i l l i e personal communication). Recent work indicates that Jf-inter-

feron can Induce c lass I I antigen expression in peripheral blood monocytes

(35). The ro le of those conserved elements mentioned above need to be defined

and delineated with respect to developmental versus inducible gene expression.

DISCUSSION

It has been shown for c lass I antigens (36,37) that intron-exon organiza-

tion follows the general pr inc ip le of exon blocks containing the coding infor-

mation for the functional peptide domains. A similar arrangement has been ob-

served in the class I I heavy chain gene described in th i s paper. An unusually

large Intron (2399 bp) seara tes the f i r s t from the second exon, as compared

to class I antigens (36) . This s t ruc tu ra l arrangement with a large intron

separating the 5' exon is comparable to the homologous murine IEa chain gene

(31,32,38) and also to the 5' end s t ructure of the g2-microglobulin gene

(39). A further difference in intron-exon organization between class I and I I

heavy chains i s observed in the 3 ' terminal port ion. The class I I gene con-

tains transmembrane and intracytoplasmic region in one exon block of 165 bp

separated from the 31 untranslated portion of 390 bp by an intron of 790 bp.

The corresponding region in class I heavy chains i s s p l i t into several smal-

le r blocks (36,37). The difference in s t ruc tura l arrangement of transmembrane

and intracytoplasmic portion between class I and I I antigens may imply a

difference in function. By 'Southern b l o t t i n g ' using DNA from various c e l l

l ines or individuals and probing with an HLA-DRa chain probe, a constant

Fig. 3: Nucleotide sequence and peptide domains of an HIA-DRa (heavy)
chain gene. The sequence was deduced from the two overlapping subclones
3.2 kb EC£RI and 6 kb PsitI of lambda DRH-6A indicated in Fig. 1 as des-
cribed in Methods. Exon 1: 5' untranslated region, signal peptide (25
amino acids) and amino acids 1 and 2 of the a l domain, Exon 2: a l peptide
domain, Exon 3: a2 peptide domain, Exon 4: connecting peptide (13 amino
acids) , transmembrane region (23 amino ac ids) , intracytoplasmic region
(15 amino acids) and 11 bp of the 3 ' untranslated region, Exon 5: 3 ' un-
translated region. Glycosylation s i t e s correspond to Asn posi t ion 3223
and Asn 3833. A disul f ide loop forms between Cys a t posi t ion 3800 and
Cys 3968 respect ively.
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10 20 30 40 50 60
i t i i i i

DRa 5 ' - AC I I C I I IATCCAATGAACGGA3TATCTTGTCTCCTGGAC(irr-TTCCAAGAftCCCTTCX:

I f c 5 ' - TCTTGAAATGTTAAGTGGAAACTCGWTACTAAATAG<^aa3TTC<AAGAACCCTTT-

70 80 90 100 110 120

DRa

IEa

130 140 150 160 170 180

I 11 I A - I I U Ibl ICTDRa GCATTTTMTGGTO\GftCT(yATTApCCCCACATTaCTTTTCri

IEa GG^TTTTAAlix CTTTTA6TTCTTGTTTA

190 200 210 220 230 240

DRa GTTaGCCT(aCTC-<XGAGCTaACTCACTCCCAAAAGAGCGCCCAAGMI

IEa ATTCT/GCCTtV^GTCTflCGATCGCnCTGA-ACCCACCAAA-CACC'
I*. I*. I*.

Fig. 4: Aligned promotor regions of the human HLA-DRa and the marine IEa
chain genes. Major mRNA starts are indicated by arrows. AUG codons and
putative TATA-boxes are boxed. Conserved regions are underlined. The
stippled boxes indicate conserved elements in the init iat ion region of
class II antigens described by Saito et̂  a_l. (33) . The murine sequence
was from ref. (32) .

restriction pattern has been observed with the exception of one BglH site

polymorphism (23), corresponding to position 5615 in Fig. 3. The HLA-DRa

chain is not responsible for the HLA-DR phenotypes defined by serology.

The human genome also encodes the HLA-DR related DC and SB a chain genes.

The coding DNA sequence of the DC-1 heavy chain shows 57% overall homology to

HLA-DR, and SB has a similar degree of homology (14, and C. Auffray in press).

In contrast to HLA-DR the DC heavy chain shows population polymorphism (15).

It is unlikely that the DR related a chain genes interfere in S nuclease

mapping using end labeled probes as was performed in this study, because the

position carrying the label shows l i t t l e sequence homology.

It has been shown that two size classes of 62-microglobulln mRNA differing

by 250 bp are transcribed from one gene. The two mRNA species map to different

polyA addition s i tes in the DNA sequence (40). This result is in contrast to

our finding for the HLA-DRa chain gene where apparently only one of the two

potential polyA addition sites i s recognized in JY cells (Fig. 2B) .

It has been pointed out earlier by several authors (1,19,41) that the pep-

tide domain located closest to the membrane is most conserved (approximately

402) among the class I and II histocompatibility antigens. The region shows
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striking homology to 32-microglobulin and to the constant region of immuno—

globulins, pointing towards a conmon ancestor for these classes of genes.

Another analysis of the human HLA-DRa chain gene has been published re-

cently (42). The coding sequences are in complete agreement except for two

positions 4359 T-»C silent, and 4419 T— G changing Leu — Val , see Fig. 3

and ref. (19,24). They may reflect a l le l ic variation as they have been found

in corresponding cDNA clones (19,24). Intron and flanking sequences differ at

48 positions. Some of the descrepancies in our sequence may be the result of

sequencing errors (estimated error rate less than IX) or a l le l ic variation.

Point mutations may also be considered as the DNA is propagated in cell lines

and bacterial vectors under no selective pressure. The following gaps not

indicated by dashes exist in their sequence (42) as compared to ours cor-

responding to positions in Fig. 2 of their presentation: 9 bp gap position

1910 and 151 bp gap position 2538. The statement made in their work that the

entire HLA-DRa chain gene is contained in two contiguous EcoRI fragments of

4.4 kb and 3.1 kb respectively is not in agreement with our mapping and se-

quencing data and inconsistent with their own presented DNA sequence showing

two EcoRI sites at positions 2735 and 2832 in their Fig. 2. Our analysis shows

that a 98 bp EcoRI fragment maps between the fragments mentioned above.

In addition a gene expression study carried out by C. Rabourdin-Combe and

B. Mach (43) using the lambda phage DNA G> DRH-6A) described in this paper con-

firmed that the gene is functional as would be expected from our analysis.
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