Table 1. Formation (affinity) constants.

Bicine
Ion TES, lOg KIB
log K g log K>

H* 8.39 = 0.01 7.60 + 0.01
Cu(Il) 8.07 = 0.01 5.40 = 0.02* 3.90 = 0.02%
Co(II) 5.30 = 0.01 3.38 = 0.02 2.07 = 0.02
Zn(II) 5.37 = 0.01 2.67 = 0.03 2.08 = 0.02
Mn(II) 3.02 *+ 0.01 >
Ca(1l) 2.66 = 0.01 ~0

*See Eqgs. 10 and 11.
complex formation.

tSee Eqgs. 12 and 13.

The values for K;, and Koy are
10—12,36 + 0.02 and 10-—]0.42 * 0.02, respec-
tively. On the other hand, TES forms
much weaker metal complexes with met-
al ions (no complex formation with Ca?*)
than bicine. However, the 1:1 Cu(Il)-
TES chelate undergoes hydrolysis (Eq.
12) and subsequent dimerization (Kp)
(Eq. 13) in the neutral pH range (5)

Koy

Cu(TES)" = Cu(TES)OH + H'(12)
K;
2Cu(TES)OH =
Cuy(TES),(OH), (13)

The values for Koy and Kp are
10662 = 002 and 1(+230 = 0.4 pegnac
tively. It is obvious from the above reac-
tions that not only do ‘“‘Good’s’’ buffers
complex metal ions but also that the
metal complexes formed have a rich so-
lution chemistry. These latter reactions
further buffer H" concentration (Egs. 10
through 12) and strengthen the metal
complexes formed (Eq. 13).

Although the constants listed in Table
1 are on the whole small compared to
those of metal ions for active sites of
apoenzymes (10" to 10%°), they are of
sufficient strength to lead workers to
erroneous conclusions in systems of low
metal-binding capabilities, for example,
fluorescence quenchers, spin labels, and
paramagnetic shift reagents. Further-
more, the ““Good’s’’ buffer ADA forms
a very stable chelate with Cu(Il)
(K; = 10'%°7)2 rivaling that of apoen-
zymes, and Ca(Il) (K; = 10*°")%. The
latter constant is high enough to cause
the extraction of labile Ca(Il) from en-
zymes or other biochemicals, thereby
altering the structure of the protein with
concomitant loss of activity.

The users of ‘“Good’s’’ buffers should
no longer assume, as is generally be-
lieved, that they do not complex metal
ions below or at physiological pH values.
Studies on the following ‘‘Good’s’’ buff-
ers, ACES {2-[(2-amino-2-oxoethyl)ami-
nolethanesulfonic acid}, ADA, BES, bi-
cine, and TES indicate that all complex
metal ions. The general tendency to bind

750

{Hydrolysis and precipitation are concomitant with any

M(I) is in the order ADA > bicine >
ACES > BES ~ TES. The last three of
these buffers, however, do not bind
Ca(II). Those doing studies in the pres-
ence of these buffers and metal ions
should take into account the metal com-
plexes formed and their possible delete-
rious effects on the interpretation of data
collected in their presence. Routinely
used buffers other than those developed
by Good et al. (I) have also been shown
to complex metal ions, most notable tris,
[tris(hydroxymethyl)methylamine] (6).
ROBERT NAKON
C. R. KRISHNAMOORTHY
Department of Chemistry,
West Virginia University,
Morgantown 26506
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Nucleotide Sequence of a Light Chain Gene of the

Mouse I-A Subregion: Ap¢

Abstract. Ia (I region—associated) antigens are cell-surface glycoproteins involved
in the regulation of immune responsiveness. They are composed of one heavy (o) and
one light (B) polypeptide chain. We have sequenced the gene encoding the AR chain
of the BALB/c mouse. The presence of six exons is predicted by comparison with the
complementary DNA sequences of human B chains and with partial protein
sequence data for the ABY polypeptide. Sequence comparisons have been made to
other proteins involved in immune responses and the consequent implications for the
evolutionary relationships of these genes are discussed.

The major histocompatibility complex
(MHC) of the mouse is a cluster of genes
encoding at least three different classes
of proteins involved in immune respons-
es (I). Class I molecules, the classic
transplantation antigens, and class II
molecules are cell-surface, membrane-
bound glycoproteins. Class III molecules
are serum protein components of the
complement pathway. While class I pro-
teins are found on essentially all cells,
class II representatives appear limited
mainly to the surface of B cells and to
antigen-presenting cells such as macro-
phages. Class II proteins are required for
antigen presentation and lymphocyte in-
teractions involved in the activation and
differentiation of antibody-producing

cells or B cells (2). Murine class II genes
are located in the I (immune response)
region of the MHC and are consequently
referred to as I region-associated or Ia
antigens (3).

Two types of Ia antigen have been
defined in mice, I-A and I-E. Both are
composed of two noncovalently linked
polypeptides, a heavy chain (a) of about
34,000 daltons and a light chain (B) of
about 28,000 daltons (molecular size). In
the past 2 years, advances in protein
microsequencing and recombinant DNA
technologies have led to a definition of
the primary structure of various human
and murine class IT molecules (4-14).
Both « and B polypeptides may be divid-
ed into two external domains of approxi-
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mately 90 residues each (termed o; and
a, for the o chain or B; and B, for the B
chain), a transmembrane region about 30
residues long, and a cytoplasmic tail of
about 15 residues.

We have determined the complete nu-
cleotide sequence of the class II ABY
gene. This structure, together with class
I and class II genes that have been
analyzed, permit us to discuss several
interesting evolutionary features about
the supergene family including the MHC
and antibody genes.

An AB gene was isolated from a cos-
mid library constructed from BALB/c (d
haplotype) sperm DNA by screening
with a complementary DNA (cDNA)
probe of a human I-A region homolog,
DC-B (I5). We have sequenced 5.8 kilo-
bases (kb) of cosmid clone 34.2 overlap-
ping the region of DC-B hybridization.
The sequencing strategy and gene orga-
nization are shown in Fig. 1 and the
DNA sequence in Fig. 2. The predicted
amino-terminal protein sequence is iden-
tical to that previously defined for the
BALB/c AB protein (4, 5).

The coding sequence of ABY is distrib-
uted among six exons. All exons have
the appropriate donor and acceptor RNA
splice sites. The first exon encodes a 27-
residue-long putative signal peptide with
25 consecutive hydrophobic or neutral
amino acids. It is identifiable because
it begins with a methionine and the
first four amino acids of the mature pro-
tein. The length of the AR messenger
RNA, 1.4 kb, and the lack of hybridiza-
tion of probe 1 (Fig. 1) with BALB/c

poly(A)" (polyadenylated) messenger
RNA (mRNA) (see below) limits the
extent of the 5’ untranslated region to
less than 150 bp upstream of the initia-
tion codon. Consistent with this, the
canonical promoter-associated sequence
CCAAT (C, cytosine; A, adenine; T,
thymine) is found about 135 bp 5’ to the
methionine codon. However, no recog-
nizable candidate for the Hogness-Gold-
berg TATA box can be found within the
200-bp stretch 5’ of this codon. The Eo*
gene also lacks a canonical TATA box
(13), although it does have an AT-rich
area missing from ARY. It remains to be
seen whether the partial or complete
absence of such sequences will be a
common feature of murine class II genes
and, if so, whether this will have any
significance for their regulation.

The other five exons were defined on
the basis of similarity with two human
cDNA sequences: DC-B (/1) and DR-B
(12). The two external domains are en-
coded by exons 2 and 3. Each contains a
pair of cysteines, presumably involved in
intradomain disulfide bridges. The pre-
dicted B; domain amino acid sequence
contains one potential glycosylation site
(Asn-Glu-Thr) beginning at residue 19.
This site is also conserved in both human
sequences. The fourth exon encodes
three different structural elements: a hy-
drophilic-connecting peptide (amino ac-
ids 190 to 199), a hydrophobic or un-
charged transmembrane segment (200 to
220), and a hydrophilic cytoplasmic tail
(221 to 226). The transmembrane ele-
ment is apparently anchored in the cell

membrane by three basic residues (Arg-
His-Arg) on the cytoplasmic side. Exon
6 encodes the last four amino acids of the
cytoplasmic tail. A poly(A) addition sig-
nal (AATAAA) is found 280 nucleotides
3’ to the termination codon. The predict-
ed 3’ untranslated sequence is found by
computer analysis to be weakly, but rec-
ognizably similar to that of the DC-B
cDNA.

The cytoplasmic region of the DR-B
cDNA is eight codons longer than that of
the DC-B cDNA. Alignment of all three
B sequences suggests that the size differ-
ence is internal and not simply a 3’
truncation of the DC-B coding sequence
relative to that of the DR-B cDNA. This
relative insertion is located between
exon 4 and exon 6 and led us to suspect
there may be an additional cytoplasmic
exon in the intervening sequence. A
search of this intron revealed only one
24-base sequence bounded by the appro-
priate RNA donor and acceptor splice
signals with an open reading frame in
phase with the adjacent exons that
shares similarity with the extra sequence
of the DR-B clone. A restriction frag-
ment including this sequence (probe 3,
Fig. 1) was hybridized to BALB/c spleen
poly(A)" mRNA on a nitrocellulose fil-
ter (Northern blot) (16) yielding a band at
1.4 kb, which is the same size as the Ap¢
mRNA. The same mRNA did hybridize
to another coding sequence (probe 2) but
did not hybridize to a noncoding region
(probe 1). We therefore include exon S as
part of the expressed mouse gene se-
quence and assume that the DC-8 gene

/ /
5 3
R R BB B R BR B R B
L 11 | | l |
(A) C0S342 I e 1B -
J 1 kb
R H e c C H SSH B R
] | ] 1 [ I3[ | | >
(B) B 1 — | 8 T )
SP By B, ™ cY cy 3uT
CAMNNNNINES QAN — e ——— G
R e L aamen ] — > PSS - GG WD S——
— > > ——> e —— — e Q@vwwne
‘e e —— > —> G ——— —— D
€ € L G — e e C— e ——
500 bp
L
1 2 3
(C)

Fig. 1. The organization and sequencing strategy for the AB® gene. (A) Partial restriction map of the cosmid clone 34.2. Filled areas indicate
exons. The arrow above shows the direction of transcription. Restriction enzyme names have been abbreviated as R (Eco RI) and B (Bam HI).
(B) Structure and sequence strategy for the AB? gene. Arrows beneath indicate the sequencing strategy. Straight arrows give the sequence
obtained by the dideoxy chain termination method (20). The two Hind III fragments were subcloned into the Sma I site of M13mp8 (21) in both
orientations. Each subclone was used to generate a series of overlapping subclones by a deoxyribonuclease I deletion technique (22). Wavy
arrows indicate the direction and length of sequences obtained by the chemical degradation method (23). SP refers to the signal peptide, B; and 8,
to the two external domains, TM the transmembrane portion of the protein, CY the cytoplasmic part, and 3’ UT the 3’ untranslated region of the
mRNA. The region between the two dotted lines shown in the gene map has not been sequenced. Abbreviations for restriction enzymes not listed
in (A) are H (Hind III), S (Sac I), and C (Sac II). (C) Different probes used in the Northern blot analysis (/6).
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GTTTGGAAAGAGGCTCAGCGACTCCCCAAGAACTCTGCTTTCTCACTGAGGCACCCCAGAGGGTCAGATGTAACAAAACATGATTTCTCTGTCTCTTAATACAACGTCACACTCATTTCT
CCCACTACAACCTCAAGTGTAAGAACAGTAGATTTGAAATAATTATCCCAAAGTTGTCTATACTTCACGCACTTTTCTCTTTAAACCCCCAAACACAGGCAGTCTGCAGTTTGGAAAAGT
| | | | | | |
TTACTCTGTAACTGAGAGGAGCATTCACCTCAAACGTTCATCCAGTGGGGCTCATGAAGAAACAGACCATGCCTTGCATAGAGAGCCTTTGTAAACAAAGTTTACCCAGAGACAGACGAC

I | I | I I I | |
AAGCTTCAGCTECAATISCTGATTGGTTCCTCACTTGGGACCAACCCTGACACTCTGEGATTTCAGATCACTCTAGGCTACAGAACTTTGCTTTCTGAAGGGGGCACAGCAGGTGTGAGTC
I I | [ I I | [ | I |

M A L @ I P S L L L S A A V V V L M V L S S P R T E 6 JIG N S
CTGGTGACTGGCATTACCTGTGCCTTAGAGATGGCTCTGCAGATCCCCAGCCTCCTCCTCTCAGCTGCTGTGGTGGTGCTGATGGTGCTGAGCAGCCCAAGGACTGAGGGCGGAAACTCC
| | | | | | | | | | I

GEAAQIAAGTGCCGGGGGCGGGCTCTCCAGAGCCAGCACTCTGGGGGTCGTGTTCTGAGGGACCCTGGGGGCCCTGGGATGTGGGAGGGGGTGGCAAAATCCCCATTTTACTATAGATTT
CCTTTCTCTGAAAAGAGCGTGAGACTCCATTCTCACTTCTGTGTTCTAATATTGAGTTAGGATGTGCCGCCGCACGGGCCAGCCTGACATATAAACGGAGGAGGAGGAGGAGGCCGCAGA
GTTTAAATTGACCACCAAAGATAAGGGTTG ! ! ! ! ! GGAGAAAGCAGGGCTTACAATACCAGTGCC
CCCACCCATTCCCCCGTACAGGCTTACAATACCAGTGCCéTCACCCCACéCGTACATTG#CTTGAGGAA:TGCCAGATTéTGAAGTGGGGAAACAGACCAGCGATGCTGéCCTCCCGATG
TTTGAGGACAACTCCTCATGTGGAGTGGAéGTTTAAGAG}GCGAACTCTAGGCGTCTAAéTCAGAGAGCLGCCAGTGAC&AATAAACCTlATTTTTTTGéTCAAATGGAATCCAGGACTC
AAACACTGAGTTAGTAAATTGAATTTCCAAGAAAACACTAGGCCCAGAAGGGACATATGTGATACATACCCTGGGGTGAGCGGAGTGTCéTAGTTCGTTCGGAGACCAGAGAGTAAATAA
AGCCCCAGTCCCCTAAGCCAGTGCGTAGAGGTGTCTTCAGTCTCGCAGTTACCCTTAAGATGCCTGGAGTGACGGTGCAAGCAGGCAGTTCTCAGAGGTTGCCTGGATTCCCATTTGCTG
GTTTTGTAGTCGGGGCTCTCCTGAGAACGAGTGCCCTCTGAGGGGTCAGGGCCTTTTGCACACAGGAGAGAGTCCCACAGGGTGGGGGTGGGGTAGCAGAAACTGGCAAATATTTTATTT
ATTTTTTTGTATCCTAGTTTTATTAGTTCGCTGAGAATTTCGTACAGTTTTGATCATATTTACTCCCTCTTCCAACTCTACCCAGGCCCATCCCCCCCCCTCTACCACCCAACTTTTGET
GTCCCTTAG;TTTATTATTATTATTTTTT;ACAAACGTACCAAGTACAGTTAGCGTTTCCTGAGGCGTATTCTTGTGAGGACGAGCTCGGTCGCCCCATCCCTCCCTTCCTCTTCCTTAC
CCCGGGTCG?ACCGTCGCC?GCTGCTCCGﬁGAAGCGGTTﬁTCACGGGCG?GGGCGGCGA?GAGACTGCC?GGCCCGAGG?CCGAGGCCG?CGGTTCCCA?AGAGCGGTC?CCCCACGCGG

R H F v v @ F K 6 E C Y
GAAGCGCCGGCGCGGGGTGGGGCCGCGG6GAGCCGTGGTCTGCGTGGTCCCCGCTGTCCCCCGGGCTGACCGCGTCCGTCCGCAGGGCATTTCGTGGTCCAGTTCAAGGGCGAGTGCTAC
| | | | | | | | |

Y T N 6 T @ R I R L V TR Y I Y NREE Y V RY D S DV 6 E Y R A V T E L 6 R P
TACACCAACGGGACGCAGCGCATACGGCTCGTGACCAGATACATCTACAACCGGGAGGAGTACGTGCGCTACGACAGCGACGTGGGCGAGTACCGCGCGGTGACCGAGCTGGGGCGGCCA
| | | | | | | | | | |

D A E Y W N S @ P E I L E R TR A E V DT A CRHNYE 6 P E T S T S L R R L
GACGCCGAGTACTGGAACAGCCAGCCGGAGATCCTGGAGCGAACGCGGGCCGAGGTGGACACGGCGTGCAGACACAACTACGAGGGGCCGGAGACCAGCACCTCCCTGCGGCGGCTTGET
GAGCGCGGCéGTGTCCGCGéGAGCGCGGCéGGCCGTGAGGGGATGCGGAécAGAGTTCCCGCGTGAGGAGCTGCATGGCéTCCTTCCTCéCGTCTGCCC#GCACCACCTAGCGCCTCCTT
GGAGTCTCCCTCCTGTCTCACCTCTGCCCTCTGCCCTCTGTCCCATGAGGCCCAGCTGCCCTCTGACCCCTGGCTCTGCTGTGACCTCAGGCCCCTGTCAGCGCCAGGG:AGCTAAGCAG
GGGAGAGGGCGCCCGGGTGAGCGTGAGCGGCCAGGGTCCTGTCAGAAGCGGTTTAGCGCGGTAGCTCTGGCGTCCTGTGGTTTCTCCCCGCCATTCTGTTTTCCTGATTTCCGCGGGTCC
CTTGAGGGCCACGGTTGTCTTGTGAGGACTGTTTGCTGCCTGGCGCTGACCCGAAGGCATCACTGTCATTTTCCTCGTTCTCTGAGGGAGACTGTGTTGACTTGGGCCACACTAAAGTTT
CTGATACAAAAGCTGAGGAACTCATTTCTéTTTCCAGCAéACACTCCGTGATACCCCCAéAGCCTCTCAéCTGTGATGCCAATTAAAGCGGTCGGGTAGéCATCATATTéAGATTTAATC
TCAGATTTA:ACTCAAGGTTGCTGAAGCTTTCCCCTCTTGCTTTCCGGGTGGCCTTGTTATTTAACTGTTCATAACTGA#TCCTCACAGéAAGGGAACA&TGATGGCCGéCAGGAATTAA
TGCCTTTGATGGCAGAAAGAAAACCAGAGCAGGGAGAGGAGAAAATGAGAGAACATAGTGTGTTCTCAATTCATGAAACATGTTAAGTATGTATGCTGTTTTCAACTTGAAGGGATAATA
GCACCTGGTGAGAAGGTTTCTGAGGTAGTGGGCACAATATATCAAAGTCAGCCTGGAAACATGTCTGTTCAACTGTGCAGGACAGTCTGAGGACGATGA;GGAAGGATGTCCTACTGCAA
TCATTTTTGCATTCCCCCCCAAAAAATATTAACTTGAAATAAGAATCAGTTTTNCTTTTGTCTTGTTTGTTTTAGAAAAACAGTTTTTTTTTACATTTTTGCATAAATAAAAATATTTTA
TCTACACATAAATTAAAAAAAATACACAGAGGGTTTACAAAGAAGGTTGCTATGAGAGGTCCTGGCTGTCTTAGAACTTGCTCTATAGGCTAGGCTGGGCTCAAACTCATAAGAGATCCT
TTTGGCTCT?CCTCCTGAG%GCACCACCA%CTCTTGGCTICTTTTGTCT%ACTACATTT%ACATTGTAT%GGAACAGGG%CACACTCTT%TTTTCCTAG?GAGTfAAGT%TGTATTTGTG

E
GAGTTGATCTTCATTCACTGTTAGAACCTAGGCAGTTCATTCCCACCCTGCCTATTCCTGGAGGAGAGTTTCCATGTGGCCTCACATTTCACTCACTGTCTTTTCTGTCACCCTAGAA
| | | | | | | | | | |

Q@ P N V A I S L S R T E A L N H HNTL V C S V T DF Y P A K I K V R W F R N G
CAGCCCAATGTCGCCATCTCCCTGTCCAGGACAGAGGCCCTCAACCACCACAACACTCTGGTCTGTTCGGTGACAGATTTCTACCCAGCCAAGATCAAAGTGCGCTGGTTCAGGAATGGC
| | | | | | | | | |

Q@ E E T Vv 6 v s 8 T @ L I R N 6 D W T F @ V L V M L E M T P H @ 6 E V Y T C H V
CAGGAGGAGACAGTGGGGGTCTCATCCACACAGCTTATTAGGAATGGGGACTGGACCTTCCAGGTCCTGGTCATGCTGGAGATGACCCCTCATCAGGGAGAGGTCTACACCTGCCATGTG
| | | | | | | [ [ | |

E H P S L K S8 P I T V E W
GAGCATCCCAGCCTGAAGAGCCCCATCACTGTGGAGTGGAGTAAGGGAATTTCTTTTTCTTTCAACTGTGGGCCCCACATGACATGGGATTTTAGGTGTTATTATCCCATCCCTCCAATG
| |
TCACCCACCCCATCACTTGTCCTATATGATCTGGTTCCACTACTGAGCTGAGACCTACAGGAAATCATATCTCTCACCTCACAATCAGGGCATCAGGAAAGCCCTGACCTATCTTCTCAG
| | I | | | | | | | |

R A G S E
ACAGCAGTTCTGGAGATCACTACATACACTGGGGCCCTGAGGTTTTTCCCTAATATCCAGAGGAATTGGCTGAAGTAGACTGTAGACACTTAGCTCTATTCCCCAGGGGCACAGTCCGAG
| | | | | | | | | | |

S AR S K M L S 6 I 6 6 C 1 F L 6 L 6 L F I R H R S @ K
TCTGCCCGGAGCAAGATGTTGAGCGGCATCGGG6GCTGCGTGCTTGEGETGATCTTCCTCGGGCTCGBCCTTTTCATCCGTCACAGGAGTCAGAAAGGTGAGGAGCTCTGGAGAATTGGG
GGTGGTGGGCTGTGCCACAéGAAGGAGCCGGGCTGCAGG;GGGAGGAAATGAAGGTCCCAGGAGAGACATTGGGATCTGATTTTGCTGGTTATGTTACTGCCACAGAGCCATGGTGGAGC
TCATTCTGTGACTTCTGTCCCTGTCCACCACCCTCACTG;CTCTTTTCCAGAAGCTTCCGGCAATGAAAATGCATAGGCéTTCCTGTGTCAGTTTCATCCACTTGGGGGGGGGCACCACT
TAGGGTCTT%GTGAATACA%TTGGTGAGA?AACAATTCC?GCTAAGCTG?AGGACTTGTIGCCCCTTGG%TCGTTGTGA?AGGGCCCCT?TTTTTTATA?CAACACCTTICTCTATCTGA

G "R 6 P P P A
CTTCTTTTTGCAGGACCTCGAGGCCCTCCTCCAGCAGGTAATATTTCAGCTCTATCTGCAGEGTGGTGCAGGGGTGAGGETGTEGTGGEAAGGGTGCGAGGCAGCTATGCTTGGCACAGTC
CTGGTTCCC‘ATCTGTCTCTGCTGTGAGG}TGACAGTGTCATAGCTGCTATGTCACAGCéAGTGTCCATAGGAAGCTCCAGGGGTTGTCCCCAGCAGGAGGTTGCCACCATCACTTGAGT
GGTGTCTTGAGTTGGAGCCTGAGCCAGTTGTTAGACACCGAGAAGTTGCéTTGCTTCTTTGCCCCACACTGGAGACTGTGGCCGTGGACTTTGACAGTGCCAGGAAGAGGCTGAAGGTCC
AGCAGAGGATATGGATCCCTNCAACTTACéAAAAGATCGGATTCTCCATATTCCCTTGGAGGATGGTGGCTTCTTTTCCACATCCCACACGTTTGTGTCCTGTGAAGTTCTGTGGTTTAG
GGGTTTAGC}GCTTTCACCITTGCACAGG?AATGGCGAG?AGGTGGCAT?GCCATAACA?CAGCTGTCT?TGTCTAACT?TATGAGATT?AAGAGTCAG%TATGGTCAG?GCATTTCAGT

G L L @
CTCTGCTCCCCCACTCCCTCCTTTCACTGTTTCCTTTCTCTCCCAC&EGGCTCCTGCAGTGACTCAGAGTGTTTTGACTCAGTTGACTGTCTCAGACTGTAAGGCCTGCATGTCTCTGCT
| | | }

TCGAATTCCCTGACTGCCAGTCTACCTGCCACTCCGACTCAGAGTCTAGCATCGCACTATTGTATCCACCACCTCAGCTCTTGTGATCTGGAGTCCCCCASTCTCTGTCTGTAGCTCTGC

TCCTTGGTGATTCCAGAGACTCCATCTGTGTACAGCAGCACCACAGCTTTCTGTCTTCQQTCTGTAGTAAACCAATGTATGCTTATCCCCACCTGATTA% ATAAACGAGACCCAGACT

| | |

CTGGTCTTTGATTTGGCTTTGATAATTGCTGGBGCCATGGGTGGTAACCCTAATCTACTCTTAACCGTGTCTGGTTGCTACCTCCCCAC?TGTACCCCG?TAACTGTCT?TATCTCTTGG
! | | | | | | |

120
240
360
480

3
600

4
720
840
800

1020

1140

1260

1380

1500

1620

1740

1860

18
1980

56
2100

94
2220
2340
2460
2580
2700
2820
2940
3060
3180
3300
3420
3540

96
3658

136
3778

176
3898

188
4018
4138

194
4258

225
4378
4498
4618
4738

233
4858
4978
5098
5218
5338

238
5458
5578
5698
5818

752 SCIENCE, VOL. 221



has lost this exon subsequent to the
divergence of humans and mice (/7).
Similarity comparisons were made be-
tween defined regions of mouse and hu-
man la polypeptides. The greater simi-
larity of AR to DC-B (76 percent) than to
DR-B (65 to 68 percent) supports the
model that DC-B is the human homolog
of the mouse I-AB molecule (/8). The
relative similarities between the equiva-
lent domains of AB? and DC-B indicate
that the first domain is the more diver-
gent of the two external domains (66 and
86 percent, respectively). The high de-
gree of similarity between the connect-
ing peptides (90 percent) and transmem-
brane regions (86 percent) of human and
mouse sequences is rather surprising in
view of their presumably general func-
tions. Conservation between similar re-
gions of I-E-like a chains, class I mole-
cules, and immunoglobulins is much
less. This level of conservation leads us
to suspect that the connecting and trans-
membrane regions may be involved in
the interaction with the a chain or some
other membrane protein rather than
serving just as hydrophobic anchorage.
The size difference between the AB® and
DC-B cytoplasmic regions implies that
significant variation of this region may
have less severe selective consequences
than it would for other regions of the
gene. ‘
Computer analysis reveals no signifi-
cant similarity between the B; and B,
domains of ABY nor between B, and any
domain of any other gene involved in
immune responses. However, the B, do-
main is significantly similar to the a,
domains of class II proteins, the third
external domain (a3) of class I heavy
chains, B,-microglobulin, and immuno-
globulin constant-region domains. A
computer-aided alignment was made be-
tween most of the known representatives
of these ‘‘Ig-like’” domains. The align-
ment (data not shown) shows a striking

Fig. 2. The DNA sequence of 5.8 kb of the
cosmid clone 34.2 containing the AB gene.
The RNA splicing donor and acceptor sites
(GT-AG) (G, guanine) are underlined as is the
probable 3’ untranslated region. A possible
CCAAT box and poly(A) addition signal se-
quence are boxed. The gap shown between
bases 870 and 871 represents less than 200
bases of undetermined sequence. The predict-
ed amino acid sequences encoded by the
exons are shown above the DNA. Single-
letter amino acid codes are placed above the
middle bases of the translated codons. The
single-letter amino acid code is abbreviated as
follows: A, alanine; C, cysteine; D, aspartic
acid; E, glutamic acid; F, phenylalanine; G,
glycine; H, histidine; I, isoleucine; K, lysine;
L, leucine; M, methionine; N, asparagine; P,
proline; Q, glutamine; R, arginine; S, serine;
T, threonine; V, valine; and W, tryptophan.
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conservation of functionally similar resi-
dues responsible in immunoglobulins for
the B-pleated sheet regions of a tertiary
structure referred to as the antibody fold
(19). The alignment shows that the class
I, class II, and PB,-microglobulin se-
quences are roughly comparable in their
similarities to each other as well as com-
parably less similar to immunoglobulin
sequences, establishing two evolution-
ary subgroups.

The organizations of the ABR? gene, a
class II a gene, a class I heavy chain, and
B,-microglobulin are shown in Fig. 3.
The most striking comparison to be
made from Fig. 3 is between class II «
genes and B,-microglobulin. Note partic-
ularly (i) the distances between the signal
peptide and the Ig-like domain, (ii) that
the first few amino acids of each mature
protein are encoded with the signal pep-
tide by the first exon, and (iii) the rare
occurrence of an intervening sequence in
the 3’ nontranslated region of both
genes. The ABY gene shares the first two
features but not the third one. Also, like
the class I genes and not the class II o
genes, the cytoplasmic coding sequence
of AB® occurs on multiple exons.

These organizational comparisons
support the suggestion (/4) that class II a
chains and B,-microglobulin are more
directly related evolutionarily than are
class II a and B chains. It also was
suggested that class I and class II genes
might not be paralogous evolutionarily,
but are each the result of de novo gene
construction through the process of
‘““exon shuffling.”” However, the struc-
ture of the AR gene as presented here is
not as dissimilar to class I genes as is the
Ea gene. Moreover, though not signifi-
cantly similar over their entire length,
the first external domains of class I
heavy chains (o) and the B; domains of
class II B chains do share a highly con-
served peptide sequence about residue
40 (Val-Arg-Phe-Asp-Ser-Asp). Ap? dif-
fers by one conservative substitution
(Phe to Tyr). The shorter o; domains of
class II o chains possess a similar and

completely conserved sequence, Phe-
Asp-Gly-Asp, about residue 30, but have
no better than random similarity beyond
this with the a; domains of class'I or B,
domains of class II. The conservation of
sequence across all examples of class I
and class II molecules and the structural
similarities of the genes support a direct
evolutionary connection between class I
and class II genes, particularly those of
class II B chains. ,

Antigen triggering of cellular and hu-
moral immuné responses requires the
recognition by different T-cell popula-
tions of antigens presented in the context
of class I or class II molecules. The
charged nature of the conserved peptide
probably ensures its residence on the
exterior of the molecule. As a con-
served, exposed determinant, this pep-
tide sequence may play a homologous
role in T cell recognition of both class I
and class II antigens. It is possible then
that not only are class I, class II, and B,-
microglobulin related by distant ancestry
to immunoglobulin, but that class I and
class II antigens are derived from the
same ancestral two-chain polypeptide in-
volved in prototypical lymphocyte inter-
actions.

Note added in proof: Comparison of
the ABY sequence with that of the b-
haplotype allele (26) indicates a relative
deletion of an Alu-like (B;) repeat se-
quence in the second intron of Ap‘.
Computer analysis reveals a repeat-like
element only vaguely similar to B; about
300 bp 5’ of the B, domains of both
alleles.
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Pancreatic Islet Allograft Prolongation by Donor-Specific

Blood Transfusions Treated with Ultraviolet Irradiation

Abstract. Survival of allografts of islets of Langerhans in nonimmunosuppressed
adult rats was prolonged by transfusions of donor blood irradiated with ultraviolet
light before transplantation across a major histocompatibility barrier. This treatment
is donor blood-specific and has produced greater than 160-day survival of trans-
planted islets without the administration of immunosuppressive agents.

The successful transplantation of allo-
geneic pancreatic islets in mice depleted
of cells bearing I region-associated anti-
gens (Ia) by antiserum to Ia and the
enhancement of skin allografts with this
antiserum (/) suggest that allografted tis-
sue depleted of Ia-bearing cells is accept-
ed without being recognized as foreign.
The type of Ia-bearing cell eliminated in
such experiments is not known, but ap-
pears to be the dendritic cell; Ia-bearing
dendritic cells are present in frozen tis-
sue sections of islets and in the paren-
chyma of human kidneys, hearts, thyroid
glands, and skin (2). Such a wide distri-
bution suggests that the depletion of Ia-
bearing cells from organ allografts may
have clinical applicability not only to
pancreatic islet transplantation but to
transplantation of other organs as well.

Table 1. Effect of UV irradiation on the
stimulatory activity of Lewis rat peripheral
blood lymphocytes (PBL) in MLR’s. Values
are means *+ standard deviations.

Re- [*H]thymidine
spon- Stimulator incorporation
der (count/min)
ACI ACI 465 + 153
ACI Lewis PBL 5371 + 543
ACI Lewis PBL and 772 = 102

UV irradiation
for 20 minutes
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Although abolition of the initial recogni-
tion of a foreign allograft by the host is
critical to successful allografting without
further immunosuppression, mainte-
nance of a functioning allograft may de-
pend on the initiation of donor-specific
suppressor T lymphocytes in the host
(3). Such a state of unresponsiveness to
allogeneic tissue is seen when Ia-nega-
tive platelets and red blood cells are
unable to provoke a primary immune
response and attenuate the subsequent
challenge with Ia-bearing cells (3).

This idea was further supported when
treatment of diabetic mice with donor
blood depleted of Ia-bearing cells al-
lowed successful transplantation of
fresh, untreated allogeneic islets of the
blood donor strain (4). It appears, there-
fore, that immunization with Ia-negative
donor blood cells induces immunological
unresponsiveness to the donor strain in
recipients by the stimulation of specific
suppressor cells.

Our demonstration of a rapid and sim-
ple method of inducing donor-specific
immunological unresponsiveness in
adult animals that allows long-term sur-
vival of islet allografts is consistent with
recent clinical studies in which donor-
specific transfusions led to 1-year surviv-
al of kidney allografts in more than 90
percent of mismatched donor-recipient
pairs of one haplotype (5). Since ultravi-

olet (UV) irradiation of the stimulating
cell population in a primary mixed-lym-
phocyte reaction (MLR) leads to little or
no proliferative response (6), we hypoth-
esized that Ia-bearing cells may not need
to be eliminated from blood before its
use for immunization, but may need to
be inactivated with UV light, leading to
abrogation of the stimulating allogeneic
signal while leaving major histocompati-
bility complex antigens intact for the
induction of donor-specific immunologi-
cal unresponsiveness.

Rats of strain ACI (RTI®) were made
diabetic with intravenous streptozotocin
(60 mg/kg). A rat was used as a recipient
of blood and islets only if its blood
glucose concentration exceeded 300 mg/
dl for more than 3 weeks. Islet allografts
were considered to have been rejected
when plasma glucose was greater than
200 mg/dl on two successive daily mea-
surements.

‘Whole blood was obtained from nor-
mal Lewis rats (RTIl) by intracardiac
puncture. The blood was diluted 1:50 in
phosphate-buffered saline (PBS), placed
with a magnetic stirring bar into 250-ml
petri dishes, and irradiated for 20 min-
utes with twa Sylvania FS-20 lamps lo-
cated 10 cm from the dishes. The blood
cells were then centrifuged and the re-
sulting pellet was resuspended in PBS to
50 percent packed cell volume. Each
diabetic ACI rat received 1 ml of UV-
irradiated blood or 1 ml of identically
treated nonirradiated blood adjusted to
50 percent packed cell volume through
the penile vein 3 weeks, 2 weeks, and 1
week before islet transplantation. One
group of diabetic ACI rats received islets
without previous transfusions.

Pancreatic islets were harvested from
Lewis (RTI) and Wistar Furth (WF)
(RTI") rats by the collagenase technique
(7) and Ficoll gradient separation (8),
with subsequent handpicking under a
dissecting microscope. Some 1200 to
1500 freshly prepared allogeneic islets

Table 2. Effect of UV light on the serological
réactivity of Lewis rat PBL surface antigens.
Values are mean counts (* standard devi-
ations) of '*’I-labeled staphylococcal protein
A bound per assay (background, 200 count/
min).

PBL and UV
Antigen PBL irradiation (20
minutes)
Rabbit antise- 2996 += 172 3315 + 434
rum to rat
lymphocytes
Monoclonal 2050 + 421 1963 + 268
antibodies
to rat Ia
(MRC/OX4)
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