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Abstract. A compar i son  o f  the genes encoding  the CD1 

leucocyte  different ia t ion antigens in man and mouse  

shows impor tant  d i f ferences  which  p rompted  us to 
analyze  the CD1 genes o f  the rabbit.  W e  have  found that 

the rabbit  genome  contains mul t ip le  CD1 loci.  U p o n  clon- 

ing and sequencing,  one o f  these loci  was found to encode  
the known rabbit  C D  l - l ike  ant igen (R-Ta) and to be  close-  
ly re la ted to the human C D l b  gene ,  which is absent  in 

the mouse ,  whi le  a second rabbit  gene  is c losely related 
to both the human R3  and the mouse  CD1 genes.  The  data 

re inforce  the not ion o f  the exis tence o f  two classes o f  CD1 

genes ,  one  o f  which  is conserved  in all species,  whi le  the 
other,  albeit  also evolut ionar i ly  old, has been deleted in 

mice  as wel l  as in o ther  rodents.  

Introduction 

The CD1 gene  family  has thus far  been studied only in 
man  and in mouse .  F i v e  genes in man  (Calabi  and Mils te in  

1986, Mar t in  et al. 1986) and two genes in the mouse  have  

been  ident i f ied (Bradbury et al. 1988). On  the basis o f  
sequence analysis,  the suggest ion has been  made  that the 
CD1 genes  fall into two distinct classes (Calabi  et al. 

1989): the first includes  the genes encoding  the 

serologica l ly  def ined C D l a ,  -b, and -c antigens;  the se- 
cond consists o f  one  o f  the remaining  human genes  (R3) 

as wel l  as o f  both mouse  genes.  Thus,  the latter class is 
present  in both species,  whi le  the fo rmer  is not, a l though 

some functional  h o m o l o g u e  (i. e . ,  mouse  TL) migh t  exist.  
In this paper ,  we  analyze the CD1 genes  o f  the rabbit ,  
where  a C D l - l i k e  system has been  recent ly  descr ibed  

(Wang et al. 1987). 

The nucleotide sequence data reported in this paper have been submitted 
to the GenBank nucleotide sequence database and have been assigned 
the accession number M26248 and M26249. 
Offprint requests to: C. Milstein. 

Materials and methods 

Cotton-tail and domestic rabbit genomic libraries were made from par- 
tially Sau 3AI-digested DNA cloned into the Barn HI site of X EMBL4 
and probed with the insert from clone FCB1 as previously described 
(Martin et al. 1986). Positive clones from the domestic rabbit librar~ 
were further screened by hybridization overnight at 40 ~ to the sy n- 
thetic oligonucleotide mixture DoRb 10-15 (5 ' -  ATYTGCATXACR- 
TGRTA -3 ' ,  where Y stands for T and C, R for A and G, and X for 
all four bases), followed by washing three times at room temperature 
and once at 40 ~ in 5 x standard sodium citrate (SSC) + 1% sodium 
dodecyl sulfate. The following fragments from the k clones were subject 
to shotgun cloning (Bankier et al. 1987): 1) from X CtRbl (cotton-tail 
rabbit), the - 2  kbp Eco RI-Bam HI fragment adjacent to the left arm 
and the - 1.5 kbp Barn HI-Eco RI fragment next to it; 2) from X DoRb3 A 
(domestic rabbit), a 1.7 kbp Hind III fragment hybridizing to DoR b 
10-15. Shotgun libraries were made in either the Eco RV site of TG13! 
(cotton-tail rabbit) or the Sma I site of M13mp8 (domestic rabbit). In 
the case of the library made from the - 2 kbp Eco RI-Bam HI fragment 
of X CtRbl, only the clones hybridizing to the human CD1 probe wer e 
sequenced. DNA was sequenced by the dideoxy method (Bankier et ali. 
1987): at least twofold redundancy was achieved on each strand. Percent 
sequence similarities were determined using the TWOB program (R I. 
Staden, unpublished data). Northern and Southern blots were performed 
essentially as described (Maniatis et al. 1982) using Hybond-N o~ 
Biodyne transfer membranes. 

Results 

Genomic  l ibraries f rom both cotton-tai l  and domest ic  rab'- 

bits were  screened with a human  CD1 probe.  The  cotton- 

tail rabbit  l ibrary y ie lded a c lone  (X C t R b l ,  Fig .  1) con -~ 
J 
I 
i 

R B H H  R HB H H B H  H RI 

CtRbCDI.1 I �9 I " l  "1 I I  I I I I  I I 
i u n 

~3 oe2 ~1 

1 kbp 

Fig. 1. Restriction map of clone X CtRbl. R, Eco RI; B, Barn HI; H i 
Hind III. The approximate position of exons is indicated by boxes. 
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a .  

5 ' UT/Leader 
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DoRb 

CDlb 

DoRb 

CDIb 

DoRb 

CDIb 

ggtggttttccaaagtagTGTG-AGGAAGCTGAGGAACCAAATGAAGCCATGATAGTAAGAGATTTAGAAGTTAGAGAT ........... 

ggggcttttcca-aggagGTATGAAGGAAGGTGAGGA-CAGGGAGAGCGG•TGGAAGT•AGGGGGTAAGAGAAACTCTAAAAATCAGGGC 
�9 , �9 

TTG~GGGAAAT~AAAGGTGAGGTAAGAGGCTCAGGGCTGTGGGAGGCACATTTTTCTCTGAAAAGCAGTTTGGATGAGGAAGAGATTTGG 
�9 �9 �9 �9 

CAG TTGGAAGAGAGAA~AAGTCA~ TACAGGG TAC TGAGGAAAAGCTTTGC TGAAATTGGAGATCAAATAC CAGC TC TGCCAG TAAGAAG T 

DoRb 

CD ib 

M L L L P L L L L A G R F P G G D N E D 

TTTAACTCC TGGTGAAATGCTGCTTC TGCCACTTCTATTACTGGCAGGTCGCTTCCCCGGTGGTGACAATGAGGATGgt a agagt a act c 

TGCATCTCCCAG TGAAATGC TGCTGCTGCCATTTCAACTGTTAGCTGTTCTCTTTCCTGGTGGTAACAGTGAACATGgt aagagt cact c 

F Q V L N S H 

DoRb 

CDIb 

A L Q G P T S Y H V M Q I S S F T N S T ,W T E N 

ggcct t cct ct ct tt gcagCCCTCCAGGGGCCGACGTCTTACCATGTCATGCAGATC TCTTCCTTTACAAACAGCACCTGGACAGAAAAT 

tgttttccactcttcacag•CTTCCAGGGGCCGACCTCCTTTCATGTTATCCAGA•CTCGTCCTTTACCAATAGTACCTGGGCACAAACT 

F F I T A Q T 

DoRb 

CD ib 

R G S G W L E D L Q I H R W D S E T G T A I F L K P W S K G 

CGAGGCTCAGGCTGGC TGGAAGATTTGCAGATTCACAGG TGGGATAGTGAAACGGGCAC TGCCATCTTCC TGAAGCCCTGG TCTAAGGGA 

CAAGGCTCAGGC TGGTTGGATGATTTGCAGATTCATGGCTGGGATAGCGAC TCAGGCACTGCCATATTCC TGAAGCC TTGG TCTAAAGGT 

Q D G D S 

DoRb 

CDIb 

N L S D E E I T E L V E L F R V Y F F G L V R E L R D H V T 

AACTTAAGCGATGAGGAAATTACTGAGCTGGTGGAGCTG TTCCGGGTCTAC TTCTTTGGACTCGTTCGAGAAC TGCGAGACCACG TCAC T 
::::: :: ::: :::: :: ::::: : : :::- : ::::: :-:::: -::::::: ::: ::::::: : : :::: : : : 

AACTTTAGTGATAAGGAGGTTGC TGAGTTAGAGGAGATATTCCGAGTCTACATCTTTGGATTCGCTCGAGAAGTACAAGACTTTGCCGGT 

K V A E I I F A V Q F A G 

DoRb 

CDIb 

E F Q M K 

GAATTCCAGATGAAGTgtgagt ccagcct t ct ccctt gggga 
:: :::-::::::: :::::::: :: : : :::: : 

GATTTCCAGATGAAATgt gagt ct agt ccaccgaact gggaa 

D 
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b. 

o~1 
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CtRb 

R3 

L Q R S F P F H G L Q I S S F V 

t c ccgggaat t c cat c c% at ctt ctt ct ttt t c cct ccagTCTTGCAAAGAAGTTTCCCGTTTCATGGACTGCAGATCTCCTCCTTTGTC 

: :: : : : :: : :::::: :::::: :::::: : : : :: :::::::: ::::: : : 

ggcca ctt gct acacgc ct ccaat ct t cat t ct ct cc cagTCCCGCAAAC~I"I-I'fCCCCCTCCGCTGCCTCCAGATCTCGTCCTTCGCC 

P L L R C A 

N S S Q T R T D C L A W L G E L Q T H S W S N D S D T I H F 

CtRb AACAGCAGCCAGACACGCACAGACTGCTT GGCGT GGCT GG~GCTGCAGACGCACAGTTGGAGCAATGACTCAGACACCAT CCACTTC 

R3 AATAGCAGCTGGACCg~GCACCGACGGCTTGGCGT GGCTGGGGGAGCTGCAGACGCACAGCTGGAGCAACGACTC GGACACCGTCCGCT CT 

W G V R S 

CtRb 

R3 

L K P W S Q G T F N F Q Q W E Q V Q N E L W V Y R L S V T R 

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

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

SD T L  H I F R  S F 

CtRb 

R3 

D I H D F V K L L K L T 

GACATTCATGATTTTGTCAAACTGCTCAAGCTAACCTgt gagt agagggat cggtt cct gggcagc cat ccaaggggaagggt ggat gca 

GACGTGAAGGAATTCGCCAAAATGCTACGCTTATCCTgt gagct gagggat aggat cct gggccggt acc caaggggagagaat gg c ca c 

V K E A M R S 

~2 

CtRb 

R3 

Y P I E L Q V F A G C E M H P G 

cct gct t ccagt ctt tt gaact ctt ct ct aat ccttt t cacagACCCTATTGAGCTCCAGGTGTTTGCTGGCTGTGAGATGCACCCTGGC 
:: .- : :: : ....................................................... 

t ct t t t a a a ccct t ct t t gat ct t t ct c cat t cctct cca cagATCCCTTGGAGCTCCAGGTGTCCGCTGGCTGTGAGGTGCACCCTGGG 

L S V 

N T S E S F F H V A Y Q G M H V L S F R G T L W E T A P G T 

CtRb AATACCTCAGAAAGCTT CTTCCAT GTGGCCTATCAAGGAATGCATGTTTTGAGTTTCCGAGGAACTTTGTGGGAGACAGCTCCAGGGACT 

:: ::::: : : :::::::::::: :: : :::::::: :: : ::::::::: :::::::: :::::: :: : : :: : : 

R3 AACGC CT CAAATAACTTCTTCCATGTAGCATT T CAAGGAAAAGATATCCTGAGTTTCCAAGGAACTTCTT GGGAGCCAACCCAAGAGGCC 

A N N F K D I Q S P T Q E A 

P P F V K L V V K E L N L D H G T R E M I Q E L L N N T C P 

CtRb CCGCCGTT TGTAAAGCTTGT TGTCAAAGAGCTCAACCTGGACCATGGGACAAGAGAAATGATACAGGAGCTCCTGAATAACACCTGTCCC 

R3 CCAC TTTGGGTAAACTT GGCCATT CAAGT GCTCAACCAGGACAAGTGGACGAGGG~IAACAGTGCAGT GGCT CCTTAAT GGCACCTGC C C C 

L W A I Q V Q K W T V W G 

CtRb 

R3 

Q F V S G L I E A G R S E L E K Q 

CAGTTTGTCAGTGGTCTCATTGAGGCGGGGAGATCAGAACTGGAGAAGCAAGgt cagc ct gc ct t c ctt agc c c 

:: ::::::::::: ::: ::::: : :::: :: :::::: ::::::::::::::::::::::::::: :: 

CAATTTGTCAGTGGCCTCCTTGAGTCAGGGAAGTCGGAACTGAAGAAGCAAGgt cagcct gcct t c ct t a ct c c 

S K K 
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~3 

V K P E A W L S S G P S P G P G 

CtRb at aat c ct cat ggt cacct c c c ccat t ct ct t gct ggat atagTGAAGCCCGAGGCTTGGCTGTCCAGTGGCCCCAGCCCTGGGCCTGGC 

:: ::: ::::::::: :::: :::::: :::::::::: :::: ::::::::: :::::::::: ::::: :::::: 

R3 cct gcat t cca ct t cat c cc ccccat t ccctt gtt ggat acagTGAAGCCCAAGGCCTGGCTGTCCCGTGGCCCCAGTCCTGGCCCTGGC 

K R 

R L L L V C R V S G F Y P K P V Q V M W M R G D Q E Q P H T 

CtRb CGTCTACT C~TGGTATGCCGT GT CTCTGGCTTCTACCCAAAGCCTGTACAGGTGATGTGGAT CCGGGGAGACCAGGAGCAGCCACACACT 

::::: :::::::: :::: :::::: :: :::::::::::::::::: ::::: :::::::::::: :: :::::::::: :::: 

R3 CGTCTGCT GCTGGTGTGCCAT GT CTCAGGATTCTACCCAAAGCCTGTATGGGTGAAGTGGATGCGGGGTGAGCAGGAGCAGCAGGGCACT 

H W K E Q G 

R Q G D F L P N A D G T W Y L R V T L D V A A G D A A G L S 

CtRb CGACAAGGTGACTTCCTGCCCAATGCCGATGGGACGTGGTATCTCCGAGTTACCCTGGATGTGGCGGCT~T GCGGCTGGCTTGTCC 

R3 CAGCCAGGGGACATCCTGCCCAAT GCT GACGAGACATGGTATCTCCGAGCAACCCTGGATGTGGTGGCTGGGGAGGCAGCTGGCCT GT CC 

Q P I E A V E 

C R V K H S S L G G Q D I I L Y W 

CtRb TGTCGGGTGAAGCACAGCAGTCTAGGAGGCCAGGACATCATCCTGTACTGGGgt gagaaaggaa ct gggggt ccaggct gga aat gggag 

::::::::::::::::::::::::: :::::::::::: ::: ::::::::::::::: :: :::: 

R3 TGTCGGGTGAAGCACAGCAGTCTAGAGGGCCAGGACATCGTCCTCTACTGGGgt gagaaaaagct gggcccaagct ggaa at ggca gga g 

E V 

Fig. 2a, b. Nucleotide and predicted amino acid sequences of rabbit CD1 genes. The domestic rabbit gene is aligned to human CDlb (a) and the 
cotton-tail rabbit gene to human R3 (b). Dashes have been introduced to maximize alignments. Exons are in capital, introns in small letters. DNA 
identities are marked by a colon, while in the human sequences only the amino acid residues which are different from the rabbit are indicated. 
Boxes highlight the conserved heptamers GAAGTCA and GGGAAAT (Calabi et al. 1989). Dots mark every tenth residue. 

mining a single Eco RI fragment which hybridized to the 
human probe. This fragment was subcloned and partially 
sequenced. The domestic rabbit library yielded several 
clones, which preliminary restriction mapping analysis 
identified as belonging to independent loci. Some of these 
clones also hybridized to a mouse otl probe (data not 
shown). The domestic rabbit clones were then screened 
with a synthetic oligonucleotide mixture complementary 
to all sequences that could possibly encode residues 10-15 
(exept for the third position of the last codon) of the known 
rabbit CD1 polypeptide sequence (Wang et al. 1988). On- 
ly one clone (k DoRb3A) was found to be positive, and 
a relevant restriction fragment was subcloned and se- 
quenced. 

Figure 2 shows the sequences of the CD1 exons iden- 
tiffed in both cotton-tail and domestic rabbits based on 
homology to the known genes and on the location of poten- 
tial splice sites. Only the 5"untranslated/leader and oil 
exons have been sequenced in the domestic rabbit and only 
the otl, or2, and or3 exons from the cotton-tail rabbit. The 
sequence of the domestic rabbit gene agrees with the 
published sequence of rabbit CD1 (R-Ta) at 17 out of 18 
positions (Wang et al. 1988). The single discrepancy (at 
the amino-terminal residue) might be due to either isotypic 

or allelic differences. However, the N-terminal amino 
acid is often unreliable, and on re-examination of the 
original sequence data a minor peak corresponding to 
glutamic acid was detected at position 1. Therefore, it is 
most likely that the domestic rabbit gene encodes the 
known rabbit CD1 antigen and that glutamic acid is its 
amino terminal residue. 

Sequence comparison (Fig. 2 and Table 1) clearly 
shows the cotton-tail rabbit CD1 gene to be most related 
to the human R3 and mouse CD1 genes, while the 
domestic rabbit CD1 gene is most similar to the human 
CDlb gene. In the latter case, similarly to what has been 
previously noted in the comparison among the human 
CDla, -b, -c, and R2 genes (Martin et al. 1987, Calabi 
et al. 1989), the homology extends to the whole of the 
5'untranslated/leader exon, up to and beyond a proposed 
5' splice acceptor site; in particular, two blocks of se- 
quence, which are found in all four human genes, in- 
cluding the heptamers GAAGTCA and GGGAAAT and 
located - 90 and - 180 basepairs upstream of the propos- 
ed translational start, are also conserved in sequence and 
position in the domestic rabbit gene (Fig. 3). From an 
alignment of all available CD1 sequences (Fig. 4), amino 
acid residues emerge which appear to identify either the 
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Table 1. Percent sequence similarities among CD1 genes and polypeptides. 
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L e a d e r  

a 

b 
C 

DoRbl 
R2 
R3 
M1 
M2 

o~1 

a 

b 
C 

DoRb 
R2 
R3 
M1 
M2 

c~2 

a 

b 
C 

DoRb 1 
R2 
R3 
M1 
M2 

c~3 

b c DoRbl 

63 39 70 56 67 50 
74 61 74 67 

72 67 

b c DoRbl R2 

R2 

44 28 
59 44 
56 50 
59 50 

64 51 70 58 64 53 63 50 
70 62 80 73 64 53 

64 57 69 54 
63 49 

R3 M1 M2 CtRbl 

50 44 44 39 43 39 - - 
50 39 41 28 39 28 - - 
59 44 46 33 48 33 - - 
48 28 46 33 44 33 - - 
54 33 41 22 43 22 - - 

69 61 70 61 - - 
93 94 - - 

R3 M1 M2 CtRbl 

54 36 51 36 49 34 50 35 
59 46 58 42 56 39 54 39 
57 42 56 39 54 35 54 39 
58 42 58 39 54 35 54 36 
64 46 63 49 61 46 57 39 

78 64 77 64 77 70 
95 91 72 55 

70 54 

b c DoRbl R2 R3 M1 M2 CtRbl 

60 38 64 39 - - 62 41 57 34 54 34 52 32 59 32 
65 50 - - 59 43 54 34 50 32 48 29 52 27 

- - 56 37 56 38 51 35 50 3 4  55 37 

59 39 53 36 51 33 59 34 
72 55 71 55 72 54 

95 91 65 53 
68 51 

b c DoRb 1 R2 R3 M 1 M2 CtRb 1 

a 

b 
C 

DoRbl 
R2 
R3 
M1 
M2 

88 85 76 72 - - 87 82 86 78 78 72 78 72 77 72 
76 70 - - 88 82 87 78 78 71 78 71 79 72 

- - 75 67 76 66 75 62 75 62 73 63 

89 93 81 73 80 73 80 77 
83 75 83 75 85 80 

98 96 79 72 
80 72 

Percent sequence similarities amongst CD1 genes and polypeptides were calculated on the block alignments shown in Figure 4 rather than on optimal 
pairwise comparisons, which explains the minor differences with Calabi and co-workers (1988). Plain type refers to DNA, bold type to protein. 
Boxes highlight clusters within which DNA identity is > 60% and amino acid identity is > 38% among any two members. 

w h o l e  CD1 f a m i l y  o r  o n e  o f  t h e  t w o  c l a s s e s .  T h e  l a t t e r  

a r e  f o u n d  o n l y  in  t h e  otl  a n d  c~2 d o m a i n s  a n d  i n c l u d e  t h e  

m a j o r i t y  o f  p o t e n t i a l  N - g l y c o s y l a t i o n  s i t e s  as  w e l l  a 

p r e s u m a b l y  u n p a i r e d  c y s t e i n e  in  t h e  et2 d o m a i n .  

I n  o r d e r  to  d e t e r m i n e  t h e  c o m p l e x i t y  o f  t h e  r a b b i t  CD1 

g e n e  f a m i l y ,  S o u t h e r n  b l o t s  o f  d o m e s t i c  r a b b i t  D N A  w e r e  

p r o b e d  w i t h  a h u m a n  c~3 CD1 p r o b e .  T h e  r e s u l t s  (F ig .  

5)  s u g g e s t  t h e  e x i s t e n c e  o f  u p  to  e i g h t  g e n e s .  O n l y  o n e  

o f  t h e s e ,  h o w e v e r ,  w a s  i d e n t i f i e d  a s  a m e m b e r  o f  t h e  R3 
c l a s s ,  a s  s h o w n  b y  h y b r i d i z a t i o n  a t  h i g h  s t r i n g e n c y  w i t h  

a n  a l p r o b e  f r o m  t h e  R3-1 ike  c o t t o n - t a i l  r a b b i t  g e n e  

d e s c r i b e d  a b o v e .  

N o r t h e r n  b l o t t i n g  a n a l y s i s  (F ig .  6)  s h o w s  r a b b i t  CD1 
to  b e  e x p r e s s e d  in  t h e  t h y m u s ,  b u t  n o t  i n  b o n e  m a r r o w ,  

s p l e e n ,  l i v e r ,  b r a i n ,  o r  t e s t i s .  T h e s e  d a t a  a r e  c o n s i s t e n t  

w i t h  t h e  k n o w n  t i s s u e  d i s t r i b u t i o n  o f  t h e  r a b b i t  C D 1  a n -  

t i g e n  ( R - T a ;  W a n g  e t  a l .  1987 ) .  T h e  s i z e  o f  t h e  m a i n  

t r a n s c r i p t s  is  s i m i l a r  to t h a t  d e s c r i b e d  in  b o t h  h u m a n s  a n d  

m i c e  ( C a l a b i  a n d  M i l s t e i n  1 9 8 6 ,  B r a d b u r y  e t  al .  1988) .  
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-183 -94 

CDIa (man) AGGGAAATGAGA . . . . . . .  AAAGAAGTCAGAATA 

-188 ~90 

CDIb (man) AGGGAAATAAAA ....... GAAGAAGTCACTACA 

-180 -90 
CDlc (man) GGGGAAATGAGA . . . . . . .  AAGGAAGTCAGAATA 

-201 -102 

R2 (man) AGGGAAATGAAA ....... AGGGAAGTCAGACGA 

-190 -93 

R-Ta (rabbit) GGGGAAATGAGA ....... GAGGAAGTCACTACA 
...................................................... 

A G A G GA 
Consensus GGGGAAATGAAA . . . . . . .  GAAGAAGTCAcTA-A 

Fig. 3. Sequence conservation in CD1 5' regions. Numbe~ refer to the 
position with respect to the proposed translational sm~. The consensus 
consists of bases conserved in at least four out of the five sequences. 

Discussion 

Genes which cross-hybridize with human CDI are present 
in multiple copies in the rabbit genome. One of them has 
been identified as encoding the previously described R-Ta 
antigen, recognized by mAb 5E2 (Wang et al. 1987). This 
gene has been partially sequenced, and comparison with 
previously described CD1 genes shows highest similarity 
to human CDlb. A second gene from the cotton-tail rabbit 
has also been sequenced and shown to be closely related 
to human R3 (a gene for which a polypeptide product has 
not yet been identified) and, to a slightly lesser extent, 

Leader 

-i0 
CDla ~I~L LPLL-AV~- D~N 

C D 1 c M~L~0 F LLLAL L qP (~- GI)N 
DoRbCDI . 1 M ~ P  L L:~Z AG R F~...~- G~N 

al domain 

CDIa 
CDlb 
CDIc 
DoRbCDl.l 

R2 

R3 
MCDI.I 
MCDI.2 
CtRbCDI.I 

i0 20 30 40 50 60 70 80 90 

z..rOGP ~lslr.M=~ s ~z'rlls rWAQrQ~S G~ImD~-Q I.GW~ Sp S GZA I ~ LZpWS zs]l ZS= KFFVAZ~Z E I:r~VX I ZGr ARZVQDr AGDr QMK- - 

. . . . .  ........... ~ N ~ S L ~ Q L '  F H , I Q IVQA$ AGQFQLE-- T A A A E E Q LHF R ~ S  ~ ~A~It S~  H SE ~ T  " ~ V  L G'I R~L K ' W~ H~ n F~K 

LQRSFPFHG :IZ~gmSS~'P LAW:: ~OZ~S~S SDr 6~F~F~Q~vL~NE:s I VTR~IHDFVL~LLKLT-- 

a2 domain 

CDIa 
CDIb 
CDIc 

RZ 

R3 
MCDI.I 
MCDI.2 
CtRbCDI.I 

i00 ii0 12~ 130 140 150 160 170 180 

~ I  QG I A~aE LHIS ~GA I V S~LRG~L~LD FL ~KmASm,'~' ~,~ ~,~l~s.~o.  41-.  Q ~ ~" ~" T v , ~ I ~ . ~ - ~ E ~ n n ~ . I ~ I ~ I ~ . ~  ~ ~ o .  

~r~E~ I Q,L A ~,RM--- ~APQ ]~:L NM~Y ~SDFL ~:~Q I S~EPS~G A~I R~QNI~K ~ -  R YLDIKEI L~S ~G H : ~ , ~  L A~  M ~  E~ELK R K 

i~ZZIO~SA~BZMYIPIG~AISlZS~LIHIV~F~KYVVR:@W ~rS~QTVPGiNqSWLDIqP IKV~-A~QG~SArV~I[ t~!~ZVR~L~A~KJ~D~SZQ 
T S~QRVLG~S W LD]~ I K~- ADQG T $ AT V~T~W~Q~AR~ L~A~KIS)D L E Z Q 

a 3  domain 

CDIa 
CDIb 
CDIc 

~2 

R3 
MCDI.I 
MCDI.2 
CtRbCDI.I 

~90 200 2~0 ~0  ~0  2~0 ~ 0  

i~; i~i i ! / i  ~ :ii.: ? 

2 6 0  270 

Fig. 4. Alignment of all available CD1 sequences. Numbering is based on CDla. Potential N-glycosylation sites are boxed, and cysteine residues 
are highlighted. Constant residues (present in at least eight of the nine sequences) and class-specific residues (present in all and only the sequences 
of a given class as well as possibly in the human R2 gene, which is regarded as lying in an intermediate position) are indicated by different shading. 
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Fig, 5. Southern blotting analysis of genomic DNA from domestic rab- 
bit. The restriction endonucleases used are indicated. The blot was se- 
quentially hybridized (a) to a human CD1 probe, which cross-hybridizes 
to all CD1 genes [a mixture of inserts from clone FCB1 (Calabi and 
Milstein 1986) and from an M13 shotgun clone spanning the c~3 domain 
of CDlc] and (b), after stripping the first probe, to the 0.8 kb Eco RI- 
Hind III fragment from X CtRbl which contains R-3-class c~l exon. 
Washing was performed twice in 6 x SSC at room temperature, twice 
in 6 x SSC at 65 ~ and twice in 6 x SSC at room temperature. The 
positions of reference size markers (in kbp) are indicated. 
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to both mouse genes. Moreover, hybridization data w~th 
a class-specific probe clearly show the existence in the 
rabbit of both CD1 classes that we have previously iden- 
tified in humans (Calabi et al. 1989). Only R3-class genes, 
however, have been found in the mouse. While we have 
previously suggested that the origin of the R3-class genes 
predates the radiation of mammalian species (-100 
million years ago), the data presented in this paper imply 
the same conclusion for the CDla, -b, and -c class, ias 
the latter genes are found in both man and rabbit, albeit 
not in the mouse. The similarity between the rabbit ahd 
the respective human sequences is considerable and shows 
that these genes are not evolving at a particularly fast rate. 
Therefore, the absence of the CDla, -b, -c cluster in the 
mouse must have been due to a deletion taking place after 
the separation between the mouse and the rabbit/human 
lineages. 

Although it remains unknown what, if any, the func- 
tion of CD1 is, the conservation of amino acid sequences 
does suggest a functional significance. Likewise, the dif- 
ferential role that the two CD1 classes may play remains 
to be established. A functional difference is, however, 
suggested by the finding of class-specific potential 
glycosylation sites and intermolecular disulfides, i 

The R-Ta antigen has only been found expressed in 
the thymus (Wang et al. 1987). Northern blotting analysis 
shows no rabbit CD1 transcript outside the thymus. While 
this pattern of expression closely resembles that known 
for human CD1 (Bernard et al. 1984), mouse CD1 has 
been shown to be transcribed in several extrathymic 
tissues (Bradbury et al. 1988). 

Thus, man and rabbit CD1 are closer to each oth/r 
than either is to the mouse not only in sequence, in keeping 
with accepted phylogenetic relationships, but also in 
overall genetic organization and in pattern of expression. 
For functional studies on CD1, therefore, the rabbit pro- 
vides an experimental animal model which is most rel+- 
vant to the human system. 
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Fig. 6. Northern blotting analysis of total RNA from the indicated tissues 
from domestic rabbit. All samples contained approximately equal 
amounts of  RNA ( - 2 0  I.tg) as judged by ethidium bromide staining. 
The probe was the insert of an M13 shotgun clone spanning the cotton- 
tail rabbit c~3 exon (clone CtRbSG103). Identical results were obtained 
with the 0.8 kbp Eco RI-Hind III fragment X CtRbl which contains the 
~1 exon. Washing was performed three times at 65 oC in 2 x SSC. The 
position of reference rRNA markers is indicated. 
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