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Primary Structure of Papain-Solubilized Human Histocompatibility Antigen 
HLA-B40 (-Bw60). An Outline of Alloantigenic Determinants? 

Josi A. Ldpez de Castro, Rafael Bragado,* Douglas M. Strong, and Jack L. Strominger 

ABSTRACT: The primary structure of papain-solubilized human 
histocompatibility antigen HLA-B40 (-Bw60) has been de- 
termined. Its comparison with that of the cross-reactive 
HLA-B7 antigen allows for the first time a direct sequence 
comparison between two HLA-B locus products and an outline 
of the location of their alloantigenic sites. Overall sequence 
homology between HLA-B40 and HLA-B7 is 93%. Of 19 
detected differences, 18 are located in the two amino-terminal 
domains (residues 1-182). Half of them are clustered in two 
short segments spanning residues 63-74 and 147-156, re- 

H u m a n  class I histocompatibility antigens are a family of 
integral membrane glycoproteins encoded by the HLA-A, -B, 
and -C loci of the major histocompatibility complex (MHC).' 
They are ubiquitously distributed on the surface of the great 
majority of cells and appear to play a central role in mediating 
the recognition and killing of virus-infected or otherwise 
modified cells by specific cytotoxic T lymphocytes (McMichael 
et al., 1977; Dickmeiss et al., 1977). Serological analyses of 
class I HLA antigens have revealed an extraordinary degree 
of genetic polymorphism. This polymorphism is a consequence 
of the existence of three loci which encode for class I molecules, 
each locus containing one of a great number of alleles (Albert 
et al., 1980) which are codominantly expressed. The functional 
meaning of this diversity is obscure, although it has been 
p r o p e d  that it may be important in maximizing the repertoire 
of associative recognition of foreign antigens expressed on the 
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spectively, which suggests that they may encompass major sites 
of their alloantigenic determinants. The first of these segments 
is highly polymorphic in HLA and H-2 molecules. It is 
proposed that it may belong to a hypervariable region of class 
I histocompatibility antigens. The remaining substitutions are 
scattered through the N-terminal portions of the two external 
domains. Thus, in addition to the above-mentioned segments, 
other positions may contribute significantly to the antigenic 
polymorphism of these molecules. 

surface of target cells (Kimball & Coligan, 1983). 
Biochemical characterization of HLA-A and -B antigens 

has established that the molecule consists of a polymorphic, 
MHC-encoded heavy chain of 44 000 daltons noncovalently 
bound to &-microglobulin (Grey et al., 1973), an invariant 
12 000-dalton polypeptide encoded outside the MHC (Good- 
fellow et al., 1975). The heavy chain consists of a large am- 
ino-terminal extracellular portion, a transmembrane hydro- 
phobic segment, and a carboxy-terminal hydrophilic portion 
which is in contact with the cytoplasm (Springer & Strom- 
inger, 1976). Primary structural analysis suggests that the 
extracellular portion may be organized in 3 domains of ap- 
proximately 90 residues each (Orr et al., 1979), which have 
been designated as a 1  (residues 1-90), a 2  (residues 91-182), 
and a 3  (residues 183-275). Papain treatment of cell mem- 
branes solubilizes the extracellular portion of the molecule 
(HLA,,,), which includes the antigenic determinants (San- 
derson & Batchelor, 1968; Springer et al., 1974). Papain- 
solubilized HLA antigens are suitable for large-scale purifi- 
cation (Parham et al., 1977; Tragard et al., 1979), and for this 
reason, they have been used for most studies dealing with 
detailed structural analyses of these molecules (Strominger 
et al., 1980). A major goal of these studies is to provide a 

' Abbreviations: MHC, major histocompatibility complex; HLA,,,, 
papain-solubilized HLA antigen; NaDodS04, sodium dodecyl sulfate; 
CNBr, cyanogen bromide; HPLC, high-pressure liquid chromatography; 
Pth, phenylthiohydantoin; CTL, cytotoxic T lymphocyte. 
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molecular understanding of HLA genetic polymorphism. 
Previous work on the chemical structure of various HLA and 
H-2 class I antigens has considerably advanced our appreci- 
ation of the nature and topographic location of polymorphic 
determinants (Kimball & Coligan, 1983). Particularly, the 
comparison of the amino acid sequence of two strongly 
cross-reactive antigens (HLA-A2 and HLA-A28) allowed a 
detailed mapping of alloantigenic sites (Lbpez de Castro et 
al., 1982). In this report, the primary structure of papain- 
solubilized HLA-B40 antigen is presented and related to that 
of HLA-B7 (Orr et al., 1979), providing the first comparison 
of two cross-reactive allelic products of the HLA-B locus at 
the molecular level. 

Materials and Methods 
PuriJication of Papain-Solubilized HLA-B4O Heavy Chain. 

The human lymphoblastoid cell line LB (HLA-A28,28; 
HLA-B40,40) was used as source of material. These cells were 
Bw60 (Dawkins & Houliston, 1980) as indicated by a recent 
typing with sera of the 8th Histocompatibility Workshop (J. 
McLean, personal communication). Preparation of mem- 
branes, papain solubilization, and purification of HLA-B40 
protein were carried out as described for other HLA antigens 
(Parham et al., 1977). Preparations were judged to be ho- 
mogeneous by polyacrylamide gel electrophoresis (Laemmli, 
1970) in sodium dodecyl sulfate (NaDodSO,). 

Complete reduction and 14C-carboxymethylation were 
performed essentially as described (Parham et al., 1977). 
Separation of HLA-B40 heavy chain and B2-microglobulin was 
done by gel filtration in a column (1.6 X 100 cm) of Sephadex 
G-75 superfine equilibrated with 1 M acetic acid. Fractions 
containing the heavy chain were pooled and lyophilized. 
Preparations were consistently pure as judged by NaDodSO, 
gel electrophoresis. 

Preparation of Fragment by Mild Acid Hydrolysis. About 
5 mg of reduced and 14C-carboxymethylated protein was 
dissolved in 2 mL of 70% formic acid containing 5 mM 2- 
mercaptoethanol, and nitrogen was bubbled through the so- 
lution. The mixture was incubated for 36 h at 37 OC, and then 
the sample was applied directly onto a column of Sephadex 
G-75 superfine (1.6 X 100 cm) equilibrated with 1 M acetic 
acid and 5 mM 2-mercaptoethanol. Fractions were monitored 
by reading the absorbance at 280 nm. Distribution of ra- 
dioactivity was measured by liquid scintillation counting of 
aliquots in Aquasol (New England Nuclear). Fractions con- 
taining the purified fragments were pooled and lyophilized. 

Preparation of CNBr Fragments. Cleavage by CNBr was 
performed as described (Gross, 1967). After 24 h, the reaction 
mixture was diluted in 10 volumes of water and lyophilized. 
Fragments were redissolved in 1 mL of 1 M acetic acid and 
were separated on a column (1.6 X 100 cm) of Sephadex G-75 
superfine equilibrated with the same solution. Fractions were 
monitored as described above. 

Peptide Purification. Tryptic and chymotryptic digestion 
of protein samples as well as peptide separation by microbore 
ion-exchange chromatography was carried out by following 
procedures detailed elsewhere (LBpez de Castro et al., 1979). 
Peptide detection in the effluent fractions was performed by 
a fluorescamine assay (Nakai et al., 1974). ( [14C]Carboxy- 
methy1)cysteine-containing peptides were identified by liquid 
scintillation counting in Aquasol. A tryptic glycopeptide ob- 
tained from intact heavy chain was purified by affinity 
chromatography on a lentil-lectin column as described 
(Parham et al., 1977). 

Amino Acid Analysis. Peptide samples were hydrolyzed 
at 110 OC for 24 h in constant-boiling 5.7 N HCl (Pierce) 

L O P E Z  D E  C A S T R O  E T  A L .  

containing 1% phenol. Amino acid analyses were performed 
on a Beckman 121 M analyzer. 

Pth Determination. Conversion of the anilinothiazolinone 
fractions to the corresponding phenylthiohydantoins (Pth's) 
was performed with 0.1 N HCl at 80 OC for 10 min. Pth 
derivatives were identified by high-pressure liquid chroma- 
tography (HPLC) on a Hewlett-Packard 108 1B instrument 
equipped with a Zorbax ODS C18 column (Du Pont). Pth's 
were separated at 62 OC with a solvent system of 0.01 M 
sodium acetate, pH 4.75, and acetonitrile. A linear gradient 
from 27% to 45% acetonitrile was used for 3 min followed by 
isocratic elution under final conditions for 5 additional min, 
at a flow rate of 1.7 mL/min. After each run, the column was 
washed for 2 min with 90% acetonitrile. The column effluent 
was monitored at 266 nm with an automatic wavelength shift 
to 320 nm during the elution time of dehydro-Ser and dehy- 
dro-Thr derivatives, between 5.75 and 6.6 min. Pth-His and 
Pth-Arg derivatives were analyzed in a similar way but by 
using isocratic elution with 60% acetonitrile at a flow rate of 
2 mL/min for 4 min. In some cases, a Waters instrument 
equipped with a Bondapak C18 radial compression column 
was used with chromatographic conditions as described else- 
where (Ldpez de Castro et al., 1982). Occasionally, gas-liquid 
chromatography was also employed as in a previous report 
(Orr et al., 1979). 

Results 
Chemical Cleavage. The strategy used for the sequence 

determination of the HLA-B40 heavy chain was very similar 
to that used for the sequencing of HLA-B7 (LBpez de Castro 
et al., 1979) and was based on the isolation of large fragments 
generated by a combination of selective hydrolysis at the 
acid-labile Asp-Pro bond and of CNBr cleavage. The sepa- 
ration of fragments obtained after partial acid hydrolysis is 
shown in Figure 1A. The amino acid composition of HLA- 
B4OP8, (Table I) was consistent with the presence of three 
methionine residues. Two of them were clustered near the 
amino terminus of the molecule as shown by "*-terminal 
sequence analysis of the intact heavy chain (see below). The 
third methionine was presumed to be at position 98 by hom- 
ology with HLA-B7. Therefore, the ac-1 fragment (Figure 
1A) was subjected to further cleavage with CNBr, and the 
resulting digest was fractionated by gel filtration (Figure 1B). 
The chromatographic pattern is analogous to that obtained 
with HLA-B7,,, (LBpez de Castro et al., 1979). Amino- 
terminal sequencing of the material present in peaks ac-2 
(Figure lA), ac-la, and ac-lb (Figure 1B) confirmed the 
identity of the chemical cleavage points with those of HLA-B7 
(see below). Therefore, the fragments included in those peaks 
were designated as h3, hl ,  and h2, respectively (Figure ID). 
A fragment (h23) extending from residue 99 to the carboxy 
terminus of the molecule was purified after CNBr cleavage 
of the whole HLA-B40,, heavy chain by gel filtration of the 
resulting mixture (peak 111, Figure 1C). This fragment was 
easily separated from aggregated material (peak I), undigested 
heavy chain (peak 11), and heterogeneous breakdown products 
(peaks IV and V).  

Purification and Characterization of Peptides. Fragments 
obtained by chemical cleavage of the polypeptide chain were 
digested by trypsin, and the resulting mixtures were frac- 
tionated by microbore ion-exchange chromatography (Figure 
2). A set of 3 1 tryptic peptides was obtained which covered 
the whole extent of the heavy chain except the 14 N-terminal 
residues. Most peptides were obtained in a reasonably pure 
form after this single step such that they could be used directly 
for both compositional and sequence analysis. In those few 
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FIGURE 1: (A) Purification of fragments obtained after partial acid 
hydrolysis of r edud  and 14C-carboxymethylated HLA-B40,. heavy 
chain. A superfine G-75 Sephadex column (1.6 X 100 an) equdbrated 
with 1 M acetic acid was used at a flow rate of 3 mL/h. Fractions 
of 1 mL were collected and monitored b reading the absorbance at 

counter. (B) Fragment ac-1 was cleaved by CNBr and fractionated 
by gel filtration as described above. (C) Purification of fragments 
obtained after CNBr cleavage of reduced and *4C-carboxymethylated 
HLA-B40,, heavy chain. Chromatographic conditions were as de- 
scribed above. (D) Diagram of the location of chemically derived 
fragments in HLA-B40 heavy chain. 

280 nm (A280) and the radioactivity ( I  1 C) in a liquid scintillation 

cases in which two peptides coeluted, further purification was 
not attempted given the limited amount of material available. 
Instead, they were sequenced together, and assignments were 
done based either on independent sequencing of the corre- 
sponding portion of the molecule (see below) or on homology 
with the closely related HLA-B7 protein. The amino acid 
compositioa of each peptide of the coeluting pairs was cal- 
culated from .h amino acid analysis of the mixture based on 
the proportion of each peptide as established by sequencing. 
The amino acid composition of tryptic peptides is presented 
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FIGURE 2: Purification of tryptic peptides. Ion-exchange chroma- 
tography of tryptic digests of fragments (A) ac-la (hl), (B) ac-lb 
(h2), and (C) ac-2 (h3). A microbore column (0.2 X 25 em) was 
used following conditions described elsewhere (Lbpez de Castro et 
al., 1979). Fractions were monitored by fluorescamine reaction and 
14C radioactivity counting. Peptides identified in each peak are stated. 
Their numeration corresponds to the final alignment and correlates 
with that of Table I. 

in Table I, except for T-4 and T-16. The latter was shown 
by sequence analysis to be contaminated with small amounts 
of T-3, T-6, and T- 11 which obscured the interpretation of 
the amino acid analysis. (These peptides originated from a 
residual contamination of h2 by fragment h l  but were re- 
covered in relatively high yield because they were excluded 
from the microbore column.) A tryptic glycopeptide, TG, was 
purified from a tryptic digest of the whole reduced and 14C7 
carboxymethylated HLA-B4O heavy chain by lentil-lectin 
affinity chromatography. The pure peptide was eluted with 
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Table I :  Amino Acid Composition of HLA-B40,, Heavy Chain (h) and Its Tryptic Peptidesa 

amino 
acid h T- 1 T- 2 T-3 T-4f T-5 T-6 T-7 T-8 T-9 T-10 

Asp 23.6 (24) 2.2 (2) (2) 0.8 (1) 1.0 (1) 0.9 (1) 
Thr 19.3 (22/23)g 1.7 (2) (1) 0.7 (0) 1.0 (1) 2.8 (3) 
Ser 12.7 (12/13)g 0.4 (0) (2) 0.8 (0) 0.9 (1) 0.7 (1) 
Glu 38.9 (39) 0.4 (0) 0.9 (1) 0.7 (0) 1.1 (1) 2.5 (4) 2.4 (2) 1.1 (1) 1.1 (1) 
Pro 15.0 (15) 1.0 (1) 0.8 (1) (1) 1.1 (1) 1.6 (2) 
GlyC 19.0 (19) 1.1 (1) 0.8 (1) 1.2 (1) 1.8 (1) 
Ala 21.9 (21) 0.3 (0) (1) 0.8 (1) 
Cysd nde (4) 
Val 11.9 (12) 2.2 (3) 
Met 2.9 (3) 
I le 1.4 (7) 0.7 (1) 1.0 (1) 1.0 (1) 
Leu 20.0 (20) 1.0 (1) 0.5 (0) 1.0 (1) 1.0 (1) 
TY r 14.0 (14) 1.1 (1) 1.0(1) 1.2 (1) 
Phe 6.7 (6) 1.5 (2) (1) 
LYS 9.8 (9) 0.7 (1) 1.0 (1) 
His 10.2 (10) 
Trp nde (7) nde (2) 
Arg 26.1 (26) 1.0 (1) 1.0(1) l .O( l )  (1) 1.0 (1) 1.3 (1) 1.0 (1) 0.8 (1) 1.0 (1) 
resno. 1-271 15-17 18-21 22-35 36-44 45-48 49-62 63-68 69-75 76-79 80-82 

amino 
acid T-11 TG T-12 T-13 T-14 T- 15 T-16f T-17 T-18 T-19 T-20 

Asp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala 

Val 
Met 
I le 
Leu 
TY r 
Phe 
LY s 
His 
Trp 
‘4% 
res no. 

Cysd 

1.7 (1) 1.3 (1) 2.6 (2) 
1.1 (1) 1.0 (1) 
1.7 (2) 1.5 (2) 0.4 (0) 
2.7 (3) 3.0 (3) 
0.5 (0) 1.3 (1) 
1.9 (2) 2.3 (2) 2.8 (3) 
1.1 (1) 1.1 (1) 0.6 (0) 

nde (1) 
0.5 (0) 0.9 (1) 

1.0 (1) 1.1 (1) 0.3 (0) 
1.3 (2) 2.0 (2) 0.7 (1) 

0.6 (1) 0.9 (1) 

0.5 (1) 0.8 (1) l . O ( l )  
83-97 83-97 99-108 

1.9 (2) 2.4 (3) 

0.6 (0) 
1.2 (1) 1.4 (1) 

0.4 (0) 
2.0 (2) 1.3 (0) 
1.0 (1) 1.1 (1) 

0.3 (0) 

0.6 (1) 
1.9 (2) 1.8 (2) 

1.9 (2) 0.6 (1) 

0.8 (1) 

1.0 (1) 1.0 (1) 
109-111 112-121 122-131 

(1) 0.4 (0) 
(2/3)g 
i i i2jg 0.3 (0) 
( 2) 1.4 (1) 

1.2 (0) 
(4) 1.9 (2) 

(1) 
1.2 (1) 

0.8 (1) 

(1) 
(1) 0.7 (1) 
132-145 146-151 

0.8 (0) 
0.3 (0) 
0.4 (0) 

1.9 (2) 2.2 (3) 

1.1 (1) 0.4 (0) 
1.1 (1) 1.0 (1) 

nde (1) 
1.0 (1) 0.7 (1) 

0.3 (0) 
1.1 (1) 1.3 (2) 

0.9 (1) 

nde (1) 
0.8 (1) 1.0 (1) 1.0 (1) 
152-157 158-169 170 

amino 
acid T-21 T-22 T-23 T-24 T-25 T-26 T-27 T-28 T-29 T-30 T-31 

Aspb 0.7 (1) 0.9(1) 1.1 (1) 0.9 (1) 3.8 (4) 0.3 (0) 0.3 (0) 
Thr 2.1 (3) 1.5 (2) 2.6 (3)  0.8 (1) 0.4 (0) 0.7 (1) 1.5 (2) 
Ser 0.3 (0) 0.9 (1) 0.4 (0) 0.8 (1) 
Glub 1.2 (1) 1.2 (1) 0.3 (0) 1.0 (1) 2.7 (2) 5.4 (5) 1.2 (1) 3.2 (3) 1.8 (2) 1.9 (2) 
Pro 2.1 (2) 0.9 (1) 0.8 (1) 0.7 (1) 0.4 (0) 0.7 (1) 1.8 (2) 2.0 (2) 
GlyC 1.7 (1) 1.7 (0) 0.4 (0) 1.2 (1) 1.9 (2) 1.3 (1) 1.3 (1) 0.9 (1) 
Ala 1.0 (1) 0.9 (1) 2.0 (2) 1.2 (1) 2.2 (2) 
Cysd nde (1) nde (1) nde (1) 
Val 0.9 (1) 1.1 (1) 3.2 (3) 0.9 (1) 0.9 (1) 
Met 
I le 0.9 (1) 0.8 (1) 
Leu l.O(l) l .2 (1)  1.0 (1) 1.9 (2) 1.2 (1) 1.9 (2) 2.0 (2) 
Tyr 0.7 (1) 1.2 (1) 0.8 (1) 0.9 (1) 
Phe 0.7 (1) 1.0 (1) 
Lys 0.7 (1) 0.8 (1) 1.0 (1) 1.0 (1) 1.0 (1) 1.1 (1) 
His 3.5 (4) 1.9 (2) 1.8 (2) 
Trp nde (2) nde (1) 
Arg 1.0 (1) 1.0(1) 0.9 (1) 2.1 (2) 0.4 (0) 0.7 (1) 0.4 (0) 
res no. 171-176 177-181 182-183 184-186 187-202 203-219 220-239 240-243 244-256 257-270 257-271 

a Values are given as residues per mole. In parentheses are the values determined by sequencing. 
include those of Asn and Gln, respectively. 
external contamination since no additional Gly was found by sequence analysis. 
quantitatively determined. 
precluded an interpretable quantitation of peptide composition (see text). 
lack of assignment at position 143 (see text). 

Aspartic and glutamic acid values 
Increased Gly values were found occasionally. I t  is assumed that they have originated from 

Determined ass-(carboxymethy1)cysteine. e nd, not 
A satisfactory amino acid analysis was not obtained due to the presence of low-amount contaminants which 

Indetermination of the values of Thr and Ser derives from the 
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FIGURE 3: Amino acid sequence of HLA-B40,, heavy chain aligned with that of HLA-B7. Tryptic (T) and chymotryptic (C) peptides used 
to determine the sequence are indicated. Arrows indicate residues directly identified after Edman degradation. Differences between both 
molecules are boxed. 

a-methyl-D-mannoside and did not contain methionine or any 
significant amount of radioactivity. The amino acid compo- 
sition of this peptide was identical with that of T-11 (Table 
I). Peptides T-30 and T-31 were identical except for the 
presence of an additional Thr residue in peptide T-3 1. These 
peptides arose from the C-terminal end of the heavy chain, 
and their compositions probably reflect the heterogeneity of 
the papain cleavage as described for HLA-B7 (Lbpez de 
Castro et al., 1979). 

Chymotryptic peptides covering the portion of the molecule 
spanning residues 148-201 were purified after digestion of h23 
fragment by microbore ion-exchange chromatography (data 
not shown). Characterization of these peptides was undertaken 
to provide an overlap between h2 and h3 fragments as well 
as to reinforce the sequence determination in the second half 
of h2 (residues 148-183). The area is covered by three pep- 
tides designated as C-1, C-2, and C-3 whose amino acid 
composition is given in Table 11. Peptide C-2 (residues 
158-1 7 1) was a result of incomplete chymotryptic cleavage. 
A fourth peptide, C-2a, spanning residues 160-167, was also 
purified and sequenced (see below) although its composition 
is not included in Table 11. 

NH2-Terminal Sequence of HLA-B4O Heauy Chain and the 
Sequence of h l .  This portion encompasses residues 1-98. Its 
sequence was determined by NH2-terminal sequence analysis 
of intact heavy chain and by isolating and sequencing 11 
tryptic peptides derived from h l  fragment and a tryptic gly- 
copeptide obtained from a digest of the whole HLA-B40,, 
heavy chain. Automatic Edman degradation of the intact 
chain was carried out for 37 cycles with a repetitive yield of 
94% (Table 111). Two methionine residues were identified 
at positions 5 and 12. This clustering resulted in heterogeneous 
cleavage by CNBr at the N terminus as determined by se- 
quence analysis of the h l  fragment (data not shown). Thus, 
tryptic peptides purified from h l  (Figure 2A) covered the 
portion of the molecule from residue 14 to residue 97. The 
sequence of these peptides is presented in Table IV. Peptides 
T-1 to T-4 provided an overlap with the N-terminal run of the 
heavy chain. Peptides T-5 to T-1 1 were aligned by homology 
with HLA-B7 (Figure 3), thus extending the sequence up to 
residue 97. Positions 92 and 93 were assigned by sequencing 

Table 11: Amino Acid Composition of HLA-B4$, HeavyChain 
Chymotryptic Peptides" 

amino acid c-1 c-2 c-3 
Asp 
Thr 
S er 
Glu 
Pro 
Gly 
Ala 

Val 
Met 
I le 
Leu 
Tyr 
Phe 
LYS 
His 
Trp 
Arg 
res no. 

Cysd 

3.8 (4) 
3.0 (3) 
1.6 ( i j  

2.9 (3) 3.0 (3) 3.4 (3) 
2.4 (3) 

1.4 (1) 1.9 ( i j  
2.8 (3) 1.4 (1) 2.4 (2) 

nde (1) 
1.0 (1) 1.1 (1) 1.1 (1) 

1.1 (1) 
1.2 (1) 1.6 (2) 2.5 (3) 

1.7 (2) 
0.3 (0) 

2.2 (3) 
4.0 (4) 

1.1 (1) 2.6 (3) 1.3 (1) 
148-156 157-17 1 172-201 

" Only those peptides used for sequencing are included. Values 
are given as residues per mole. In parentheses are the values deter- 
mined by sequence analysis. b-e See footnotes in Table I. 

the tryptic glycopeptide TG (Table IV). The Asn residue at 
position 86 was not directly identified and was assigned on the 
basis of the following evidence: (a) Both T-1 1 and TG were 
glycopeptides. They were identical by amino acid composition 
and sequence analysis (Tables I and IV). (b) They contained 
a single Asx residue that was not detected by sequencing. (c) 
Position 86 was obtained as blank in the Pth analysis of the 
corresponding organic phase, a result which is consistent with 
the retention of the glyco moiety in the aqueous phase during 
Pth extraction. (d) Position 86 is known to be a glycosylated 
Asn residue in all HLA and H-2 antigens investigated so far 
(Nathenson et al., 1981; Lbpez de Castro et al., 1982). The 
presence of a Ser residue at position 88 provides the necessary 
sequence (Asn-X-Ser/Thr) which is common among N-linked 
glycosylation sites (Hubbard & Ivatt, 1981). 

Position 98 was assigned as methionine on the basis of the 
cleavage specificity of CNBr and on the N-terminal sequence 
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Table 111: N-Terminal Sequence of HLA-B40 Heavy Chain and Its Fragments' 
1 5 10 1 5  20 25 

heavychain 1.8 b 1.8 b 4.5 2 .5  4.0 5.3 b b 3 .3  3.0 b 2.0 1 . 8  2 . 8  1.3 1.0 b 1 . 3  1.3 1.8 1.8 b 2 .0  0.8 1.3 2.0 2 . 3  
HLA-B40 Gly-SerNis-Ser-Met-Arg-Tyr-PheNis-Thr-Ala-Met-Ser-Arg-Pro~ly-ArgGlyGlu-Pro-Arg-Phe-Ile-Thr-ValGly-Tyr-Val-Asp- 

32 3 7  

2.5 b 0.8 13 1 . 5  1 . 0  1 . 5  
Asp-Thr-Leu-Phe-Val-X-Phe-Asp . . . 
9 9  105  110 11 5 im 126 

Tyr-Gly-Cys-Asp-Val-Gly-Pro-AspGly-Arg-Leu-Leu-Arg-Gly-His-AsnGln-Tyr-Ala-Tyr-Asp-Gly-Lys-Asp-Tyr-Ile-Ala-Leu . . . 
0.9 1.0 2.4 2.3 1 .0  0.8 0.7 1 . 8  0.9 0 .9  1 .8  1 . 1  0.7 0 .7  0.5 0.3 0.9 0 . 5  1.0 0.8 0 .9  0 .2  0.3 1 . 1  0.9 0.2 0 .9  1 .3  

h23 

h3 

TG 

I a 4  1 9 0  1 9 5  2 0 0  20 7 

4 3 i o  b 4 1 0  b 6 6 2 8 b 8 3 b 2 b 3 5 4 2 6 3 I 
Pro-Pro-Lys-Thr-His-Val-Thr-His-His-Pro-lle-Ser-AspHisGlu-Ala-Thr-Leu-ArgCys-Trp-Ala-Leu~ly . . . 

8 3  9 0  96 
Gly-Tyr-Tyr-X-Gln-SerGlu-AlaGly-Ser-His-Thr-LeuGln. . . 
0 . 9  0 .7  0.6 0.1 b b 0.1 0.04 b b b 0.06 0.07 

a Numbers under residues are yields in nanomoles of the Pth derivatives. Numbers above residues indicate their position in the HLA-B40 
heavy chain sequence. Peptides sequenced to the carboxyl termini end with COOH. Peptides and fragments which were not sequenced 
completely end with (. . .). Identified as the Pth derivative by HPLC but not quantitated. 

Table IV: Sequence of Tryptic Peptides from the h l  Fragment of 
HLA-B40 Heavy Chaina 

Table V: Sequence of Tryptic Peptides from h2 and h3 
Fragments of HLA-B40 Heavy Chaina 

T- 1 

T-2 

T-3 

T-4 

T-5 

T-6 

T-7 

T-8 

T-9 

T-10 

T-11 

I 5  16 

0 .5  0.5 
Pro-Gly. . . 

1 8  2 1  
Gly-Glu-Pro-ArgCOOH 

I b i  b 

2 2  27 
Phe-Ile-Thr-Val-Gly-Tyr-Val-Asp-Asp-Thr-Leu-Phe-Val- 

2 2 b 1 0 . 5  1 1 0 . 5  0 . 5  b b 0 .2  0 .2  

A ~ ~ O O H  
b 

3 6  4 4  
Phe-Asp-Ser-Asp-Ala-Thr-SerPro-ArgCOOH 

3 4 b b 1 . 5  b b 0 . 3  0 .2  

4 5  4 8  
L ys-Glu-Pro-ArgCOOH 

8 b 2  I 

4 9  5 5  
Ala-Pro-Trp-IleGluG lnGluGly-ProGlu-Tyr-Trp-A sp- 
0 . 5 0 . ~  0 . 0 2 o . z  b 0 . 3  b 0.3 b b 0 . 1 .  b b 

6 2  
ArgCOOH 
0.05 

63  6 8  
Glu-Thr-Gln-Ile-Ser-Lys-COOH 

b b 3 6 b 3  

6 9  7 5  
Thr-Asn-ThrGln-Thr-Tyr-ArgCOOH 

b 2 b I b 2 0 . 6  

76 7 9  
Glu-Ser-Leu-ArgCOOH 

b b i 3  7 

8 0  8 2  

5 9 2  
Asn-Leu-ArgCOOH 

83 88  93 
Gly-Tyr-Tyr-XGln-SerGlu-AlaGly-X-X-Thr-LeuGln- 
2 .5  6 6 i b b 3 1  b 6 0.4 

A ~ ~ C O O H  

a , b  See footnotes in Table 111. 

of h2 fragment which indicated that this fragment starts at 
position 99 (Table IV). No formal overlap was obtained 
between h l  and h2. However, a clustering of Met residues 
in this area that could generate a small peptide upon CNBr 
treatment which would go undetected may be excluded because 
the amino acid composition of HLA-BM,, heavy chain (Table 
I) shows the existence of only three Met residues in the 
molecule, which are accounted for by those in positions 5 ,  12, 
and 98. 

Sequence of h2 and h3. Fragment h23 was subjected to 
automatic Edman degradation for 28 cycles with a repetitive 
yield of 97% (Table 111). Twelve tryptic peptides, T-12-T-23, 
were purified from a digest of h2 fragment (Figure 2b) that 

T-14 

T-15 

T-16 

T-17 

T-18 

T-19 

T-21 

T-22 

T-23 

T-24 

T-26 

T-27 

T-28 

T-29 

T-31 

112 1 1 7  1 2 1  
Gly-His-AsnGln-Tyr-Ala-Tyr-AspGly-Lys-COOH 

Asp-T yr-Ile-Ala-Leu-AsnGlu-Asp-Leu-ArgCOOH 

1 b i 1 I I I 1 0 . 5  0 . 5  

1 2 2  1 2 7  1 3 1  

4 4 2 2 3 I b 2 1 . 5  0 . 5  

1 3 2  1 3 7  
Ser-Trp-Thr-Ala-Ala-Asp-Thr-Ala-AlaGln-Ile-XGln- 

b b b 0.4 0.3 0.2 b 0 .040 .1  0 . 1  0 . 1  0.05 

A:i€OOH 
b 

1 4 6  1 5 1  
Lys-Leu-Glu-Ala-Ala-ArgCOOH 

3 4 b 2.5 2 1 

1 5 2  1 5 7  

6 5 b 5 4 b  
Val-A l a 4  luGln-Leu-A rgCOOH 

1 5 8  1 6 3  1 6 9  
Ala-Tyr-Leu-GluGly-GluCys-ValGlu-Trp-Leu-ArgCOOH 

Tyr-LeuGlu-AsnGly-L ys-COOH 

3 1 1 b 0 .2  b 0.3 0 . 5  b 0.3 0.2 0.1 

1 7 1  1 7 6  

I I b b 0.2 0.1 

177  1 8 1  

1 . 5  2 b 0.4 
X-Ly s-LeuGlu-ArgCOOH 

1 8 2  1 8 3  

9 4  
Ala-AspCOOH 

1 8 4  1 8 6  

PrePro-LysCOOH 
9 2 .5  2 

2 0 3  2 0 8  2 1 3  
C s Trp Ala-LeuGly-Phe-TyrPro-Ala4 111-1 le-Thr-Leu- 

g - 1 - 3  1 b 2  2 2 I b 1  b I 

2 1 8  2 1 9  
Thr-TrpGln-ArgCOOH 

b 1 0.2 I 

2 2 0  2 3 0  
Asp-Gly Glu-AspCln-6hn-Asp-Thr-Glu-Leu-ValGlu- 
i 2 2 b ~ 1 b 1 3 b b 1 1 b  

2 3 5  2 3 6  2 3 9  
Thr-ArgPro-Ala-Gly -Asp-ArgCOOH 

b 0.4 0.3 0.6 0.3 0.6 0.2 

%r-PheGln-~sCOOH b 1 4  4 3 

2 4 4  a 4 9  
Trp-Ala-Ala-Val-Val-Val-Pro-Ser-GlyGluGluGln- 
1 3  1 6  1 6  9 9 7.5 3 b 2 b b I 

& C O O H  1 

2 5 7  26  2 
Tyr-ThrC s His ValGln-HisGluCly-LeuPro.. . 

6 b 1 - 0 . 5  0.3 0.6 b 0.1 0.1 0.1 

See footnotes in Table 111. 

covered the area of the heavy chain spanning residues 99-183 
(Table I).  Peptides T-12 and T-13 corresponded to the N- 
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presented. The number of residues, the position of the single 
glycosylation site, and the disposition of the disulfide bonds 
are the same in both molecules. 

Discussion 
The nature of HLA polymorphism has attracted the at- 

tention of immunologists since it was realized that histocom- 
patibility antigens play a role as markers of self and as essential 
units in MHC-restricted immune recognition. The need for 
a molecular understanding of this polymorphism stems from 
the assumption that it may enlighten the mechanisms of as- 
sociative recognition of foreign antigens by T-cell receptors 
(Zinkernagel & Doherty, 1979). Thus, much effort is being 
devoted to defining the number and arrangement of poly- 
morphic sites in HLA and H-2 molecules. An approach to 
this problem is by means of comparison of the amino acid 
sequences of cross-reactive antigens. Figure 3 shows an 
alignment of the HLA-B40 sequence with that of HLA-B7. 
It provides the first comparison of two HLA-B locus products. 
There are 19 differences between both molecules, which means 
an overall homology of 93%. This number of differences is 
somewhat high, considering the degree of antigenic cross-re- 
activity of HLA-B40 and HLA-B7. By comparison, 10 dif- 
ferences were found between the cross-reactive HLA-A2 and 
-A28 antigens (96% homology) LBpez de Castro et al., 1982). 
Thus, conventional allosera used in tissue typing may not 
generally differentiate between antigens with much higher 
homology. Therefore, the actual polymorphism of class I 
antigens may be significantly greater than that established by 
serological analysis. That this may, indeed, be the case is also 
suggested by analysis of the reactivity of specific, HLA-A2- 
restricted immune CTL’s against a panel of influenza virus 
infected HLA-A2 target cells as well as of allogenic HLA- 
A2-directed CTL’s (Biddison et al., 1980, 1982). In these 
studies, some -A2 cells are killed much less efficiently, sug- 
gesting the existence of structural differences between various 
HLA-A2 antigens. Comparative biochemical analyses of some 
of these variants have shown that they may differ by as little 
as two positions in their amino acid sequence (Krangel et al., 
1982, 1983). 

The distribution of differences between HLA-B40 and 
HLA-B7 follows a characteristic pattern (Figure 3). As many 
as 13 differences (68%) occur in a l .  There are five differences 
in a2  (26%) and only one difference in a 3  (5%). This pattern 
of distribution is analogous to that observed when HLA-A2 
and -A28 sequences are compared, where 60% of the sub- 
stitutions are located in a 1  and 30% in a 2  (LBpez de Castro 
et al., 1982). Whether or not this feature reflects intrinsic 
differences in the diversification rate of a 1  and a 2  domains 
must await further structural information. Thus, polymor- 
phism is essentially restricted to the amino-terminal two-thirds 
of the extracellular portion of the heavy chain as established 
for other HLA (Lbpez de Castro et al., 1982) and H-2 
(Kimball & Coligan, 1983) class I molecules. Within this 
region, the most conspicuous clustering of variability involves 
the accumulation of six differences between residues 66 and 
74, where homology drops to 50%. Previous structural com- 
parisons suggest that this area may constitute the segment of 
greatest diversity in class I antigens (Kimball & Coligan, 
1983), and it is probably an essential portion of the alloan- 
tigenic determinants of HLA-A2 and HLA-A28 (LBpez de 
Castro et al., 1982). Serological analyses with allospecific 
monoclonal antibodies also suggest that this region (or a closely 
related one) may constitute an alloantigenic epitope of H-2Kb 
antigen (Hammerling et al., 1982). Although the relatively 
high number of differences between HLA-B40 and -B7 makes 

Table VI: Sequence of Chymotryptic Peptides from the h23 
Fragment of HLA-B40 Heavy Chaina 
I 

1 4 8  1 5 4  

b 1 1 . 5 0 , s  0.6 0.2 b 

b 0 . 3  0.3 0.2 b 0 . 1  b g 0.2 0 .1  

C-1 Glu-Ala-Ala-Arg-Val-AlaGlu. . . 

C-2 Arg-Ala-Tyr-LeuCluGlyGluC s-Val-X-X-Leu-X-X- 
1 5 7  1 6 2  167 

+yrCOOH 
O M  

1 6 0  1 6 6  
C2a LeuGluClyCluC s-ValGlu.. . 

1 . 5  b 0 . 6  b i 0.1 b 

1 7 2  1 7 7  
C-3 LeuGlu-AsnGly-Lys-Asp-Lys-LeuG1u-Arg-Ala-X- 

0.4 b 0.1 0.2 0.2 0 . 2  0 . 1  0 . 1  b 0 . 1  0 .1  

1 8 5  

0.05 0.05 
Pro-Pro.. . 

a,b See footnotes in Table 111. 

terminal part of h2 and were not sequenced. The amino acid 
sequence of peptides T-14-T-23 is shown in Table V. 
Alignment of peptides T- 12-T- 15 was done by overlapping 
with the N-terminal sequencing of h23 and allowed extension 
of the sequence up to residue 131. T-16 was aligned by 
homology with HLA-B7 (Figure 3). This peptide was se- 
quenced to the end, but a t  cycle 12 (which corresponds to 
position 143), a blank was consistently obtained when the 
corresponding Pth was analyzed in both the organic and the 
aqueous phases. This fact probably reflects technical diffi- 
culties in detecting Pth-Thr or Pth-Ser when small amounts 
of peptide material are sequenced. Thus, this position was not 
assigned. However, in all other HLA and H-2 antigens which 
have been sequenced, it is a Thr residue. T-16 extended the 
sequence up to residue 145. Peptides T- 16-T-23 were formally 
aligned by isolating and sequencing three overlapping chy- 
motryptic peptides from a digest of h23 fragment (Table VI 
and Figure 3), which completed the sequence up to residue 
183. Position 170 was assigned based on the identification 
of T-20 as free arginine (Table I) and on the amino acid 
composition of C-2 (Table 11). This is the only region of h2 
(and of the whole molecule) with an Arg-Arg sequence. 

Automatic Edman degradation of fragment h3 was carried 
out for 24 cycles with a repetitive yield of 96% (Table 111). 
As expected from the generation of h23 fragment by selective 
acid hydrolysis, proline was the N-terminal residue. Formal 
overlap between h2 and h3 fragments was obtained through 
amino-terminal sequencing of peptide C-3 (Table VI). Com- 
pletion of the sequence up to the papain cleavage point was 
accomplished by isolating eight tryptic peptides from h3 
fragment (Figure 2C). The sequence of these peptides is 
presented in Table V, except for T-25 which was shown by 
amino acid composition (Table 11) to correspond to an area 
sequenced from the N terminus of h3 (Figure 3). Peptides 
T-24-T-26 were aligned by overlap with the N-terminal se- 
quence of h3 fragment. Peptides T-27-T-31 were aligned by 
homology with HLA-B7 (Figure 3). As mentioned above, 
T-30 and T-3 1 were identical in their amino acid compositions 
except for the presence of an extra Thr residue in T-3 1. This 
fact reflects heterogeneity at the papain cleavage point, as in 
HLA-B7 (Lbpez de Castro et al., 1979), and establishes the 
extra Thr residue as the C-terminal residue of HLA-B40,,, 
heavy chain, at position 271. 

Figure 3 shows the proposed amino acid sequence of pa- 
pain-solubilized HLA-B40 heavy chain along with the peptides 
used in its determination. The sequence of HLA-B7, that was 
used for alignment of several HLA-B40 peptides, is also 
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it difficult to unambiguously assign the positions which are 
directly responsible for their respective allospecificities, it seems 
likely that this segment may be an integral part of some 
HLA-B40 and -B7 allodeterminants. 

Three of five differences in the a 2  region correspond to 
positions 147, 152, and 156. These positions lie within an area 
of variability which was loosely outlined on the basis of se- 
quence comparisons between HLA-B7, -A2, and -A28 (Lbpez 
de Castro et al., 1982). Interestingly, they may be included 
in the only a-helical segment of the molecule, spanning residues 
around 146-160, as estimated by prediction analyses, so that 
at least positions 152 and 156 would be brought into close 
proximity by the helical turn (M. A. Vega and J. A. Lbpez 
de Castro, unpublished results). Prominent variability in this 
area exists also in H-2 antigens (Kimball & Coligan, 1983). 
Some recent findings suggest that it may be a significant 
functional site. For instance, an H-2Kb mutant, bml, detected 
by its capacity of eliciting graft rejection in H-2Kb recipients 
(Nairn et al., 1980), has been shown to differ from normal 
H-2Kb molecules in two substitutions at positions 155 and 156, 
which suggests that these positions may be important for CTL 
recognition. Mutations at these two positions also produce 
a drastic effect on the binding capacity of some allospecific 
anti-H-2Kb monoclonal antibodies, which has been interpreted 
as an indication that these positions contribute to an H-2Kb 
allospecific determinant (Hammerling et al., 1982). At least 
two HLA-A2 variants which are distinguishable by alloim- 
mune cytotoxic T lymphocytes have been shown to differ from 
the known HLA-A2 sequence in several positions within the 
segment 147-157, suggesting that residues in it may play an 
essential role in forming a recognition site for immune CTL’s 
(Krangel et al., 1982, 1983). The chemical nature of residues 
at positions 152 and 156 strongly suggests that they may play 
a significant role in determining the antigenic differences 
between HLA-B7 and HLA-B40, since Glu-152 and Arg-156 
in HLA-B7 are changed to valine and leucine, respectively, 
in HLA-B40. These substitutions induce a drastic increase 
in the local hydrophobicity of the polypeptide chain in this 
area. Such a change is all the more remarkable since the 
remaining differences do not significantly alter the relative 
local hydrophobicity of both molecules (M. A. Vega and J. 
A. Lbpez de Castro, unpublished results). Binding inhibition 
experiments with a set of anti-H-2Kb monoclonal antibodies 
indicate that this region of the molecule forms an antigenic 
epitope which is spatially separated from the polymorphic 
segment including residues 60-80 (Hammerling et al., 1982). 
Thus, it seems likely that HLA-B7 and HLA-B40 antigens 
may differ in at least two antigenic determinants located in 
separate sites of the three-dimensional molecule. In addition, 
7 substitutions exist between both molecules distributed 
through the amino-terminal 45 residues (Figure 3). In the 
absence of a three-dimensional model, their spatial relation 
to the abovementioned polymorphic sites cannot be established 
nor may it be unambiguously decided if they contribute to the 
alloantigenic sites or instead are responsible for some of the 
cross-reactive (“public”) determinants which characterize the 
antigenic reactivity of histocompatibility antigens. That this 
may be the case, at least for some of the substitutions, is 
suggested, however, by a consideration of the structural re- 
lationship of HLA-B7 and -B40 with other HLA class I an- 
tigens in the vicinity of these difference. For instance, there 
are 3 differences between HLA-B7 and HLA-B40 at positions 
9, 11, and 12, but the sequence of HLA-B7 is identical with 
that of HLA-A28 at the N-terminal 23 residues (Lbpez de 
Castro et al., 1982). Thus, putative antibodies distinguishing 

between -B7 and -B40 on the basis of these substitutions would 
not probably differentiate between -B7 and -A28. Differences 
at positions 24, 41, and 45 (Figure 3) lie within short poly- 
morphic segments described in H-2 molecules (Nathenson et 
al., 1981). Position 24 appears to be highly polymorphic in 
murine class I antigens, and it might integrate a recognition 
site as suggested by the nature of the H-2Kb mutant bm8, 
which differs from the parental molecule by a substitution at 
position 23. Still, bm8 and normal H-2Kb individuals vigor- 
ously reject exchanged grafts (Nairn et al., 1980). 

In conclusion, the data discussed above show that a mo- 
lecular analysis of HLA polymorphism by means of sequence 
comparisons of cross-reactive antigens may provide valuable 
information concerning the nature and topography of poly- 
morphic sites and may be helpful in interpreting the com- 
plexities of HLA serology. Structural research, in conjunction 
with a number of other experimental approaches, including 
serological studies with monoclonal antibodies, biochemical 
characterization of mutants, and genetic analysis, will be in- 
strumental in the identification of functional regions and in 
clarifying the molecular mechanisms of HLA recognition by 
T lymphocytes. 
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Lectin Receptors on the Plasma Membrane of Soybean Cells. Binding and 
Lateral Diffusion of Lectind 

Thomas N .  Metcalf, 111, John L. Wang,* Karel R. Schubert, and Melvin Schindler 

ABSTRACT: Protoplasts prepared from suspension cultures of 
root cells of Glycine max (SB-1 cell line) bound soybean 
agglutinin (SBA), concanavalin A (Con A), and wheat germ 
agglutinin (WGA). Binding studies carried out with 12$I-la- 
beled SBA, Con A, and WGA showed that these interactions 
were saturable and specific. Fluorescence microscopy dem- 
onstrated uniform membrane labeling. The mobility of the 
lectin-receptor complexes was measured by fluorescence re- 
distribution after photobleaching. The diffusion constants (D) 

T e  measurement of the dynamics of plasma membrane 
receptors has catalyzed research into the role of lateral mobility 
as an important component of transmembrane signaling 
mechanisms (Cherry, 1979; Edidin, 1981; Peters, 1981). From 
these investigations, two different schemes have emerged for 
the motion of membrane components: (a) lateral mobility as 
a consequence of Brownian movement (Frye & Edidin, 1970; 
Saffman & Delbruck, 1975; Schlessinger et al., 1976) and (b) 
directional flow on the cell surface (Taylor et al., 1971; Koppel 
et al., 1982). Lateral mobility based on diffusional fluxes in 
a two-dimensional continuum has been characterized for a 
great number of membrane proteins (Peters, 1981), and to a 
lesser extent for a few varieties of lipid (Peters, 1981) and 
glycolipid (Wolf et al., 1977; Schindler et al., 1980b). In 
general, these measurements have been performed by using 
the technique of fluorescence redistribution after photo- 
bleaching (FRAP;' Koppel, 1979; Peters, 1981) and have 
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for SBA and Con A were 5 X lo-" and 7 X lo-" cm2/s, 
respectively. In contrast, WGA yielded a diffusion constant 
of 3 X cm2/s. Pretreatment of the protoplasts with either 
SBA or Con A resulted in a 6-fold reduction in the mobility 
of WGA (D N 5 X lo-" cm2/s). The results suggest that 
the binding of SBA or Con A may lead to alterations of the 
soybean plasma membrane which, in turn, may restrict the 
mobility of other receptors. 

yielded values of from 10-8-10-12 cm2/s for membrane proteins 
to 10-8-10-9 cm2/s for phospholipids and glycolipids in the 
same membranes. Of particular interest was the observation 
that a particular diffusing species of protein could have an 
immobile component (Peters, 1981). A number of theories 
have been presented to explain this type of protein mobility 
in the context of intraplasma membrane and cytoskeletal in- 
teractions with the diffusing molecule (Edelman, 1976; 
Schindler et al., 1980b; Koppel et al., 1981). 

The other type of movement for cell membrane components 
observed was a directional flow ultimately leading to cap 
formation on lymphoid cells (Taylor et al., 1971) and the 
movement of a concanavalin A (Con A)-receptor complex 
during late anaphase or telophase to the developing cleavage 
furrow in 57742 mouse macrophages (Koppel et al., 1982). 
This type of protein mobility has been ascribed to cross-linking 
of membrane receptors that normally occurs only when ex- 
ogenously added ligands bind to the receptors. One receptor 
movement mechanism need not exclude the other, since re- 
ceptors cross-linked by specific ligands and undergoing directed 

' Abbreviations: SBA, soybean agglutinin; Con A, concanavalin A; 
WGA, wheat germ agglutinin; FRAP, fluorescence redistribution after 
photobleaching; MGB, modified Gamborg buffer; MGB-N,-BSA, 
modified Gamborg buffer containing 0.01 M NaN3 and 0.2% (w/v) 
bovine serum albumin (BSA). 
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