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Complete Amino Acid Sequence of Streptokinase and Its Homology with 
Serine Proteasest 

Kenneth W. Jackson and Jordan Tang* 

ABSTRACT: The complete amino acid sequence of streptokinase 
has been determined by automated Edman degradation of its 
cyanogen bromide and proteolytic fragments. The protein 
consists of 41 5 amino acid residues. Sequence microhete- 
rogeneity was found at two positions. The "*-terminal 245 
residues of streptokinase are homologous to the sequences of 
several serine proteases including bovine trypsin and Strep- 
tomyces griseus proteases A and B. The sequence alignment 
suggests that the active-site histidine-57 has changed to a 
glycine in streptokinase. The other active-site residues, as- 
partyl- 102 and serine-195, are, however, present at the ex- 
pected positions. Streptokinase also contains internal sequence 

Streptokinase is an extracellular protein produced by various 
strains of streptococci. Its activity was first reported by Tillet 
& Garner (1933), who discovered that this protein caused the 
lysis of blood clots. It is now well established that the fibri- 
nolytic activity of streptokinase originates in its ability to 
activate plasma plasminogen (Milstone, 1941; Castellino, 
1979). The mechanism of plasminogen activation by strep- 
tokinase is of particular interest for two reasons. First, the 
increased therapeutic use of streptokinase provokes a better 
understanding of its mode of action. Second, unlike most of 
the plasminogen activators, streptokinase is not a protease. It 
activates plasminogen by the formation of a strong stoichio- 
metric complex with plasminogen (Werkheiser & Markus, 
1964; Buck et al., 1968; Schick & Castellino, 1973; Bajaj & 
Castellino, 1977). The streptokinase-plasminogen complex 
is an efficient proteolytic activator of plasminogen. The 
product of plasminogen activation, plasmin, ultimately pro- 
duces the blood clot lysis. The binding activation of serine 
protease zymogens by other nonprotease proteins is known for 
plasminogen by staphylokinase (Lack & Glanville, 1970), for 
prothrombin by staphylocoagulase (Hamker et al., 1975), and 
possibly for other zymogens in the clotting (Jackson et al., 
1971), fibrinolytic (Saito et al., 1974; Davie & Hanahan, 
1977), and complement activation (Reid & Porter, 1981) 
pathways. The streptokinase-plasminogen interaction, 
therefore, is a model for the understanding of protein-zymogen 
binding activation. For these reasons, we have undertaken the 
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homology between the NH2-terminal 173 residues and a 
COOH-terminal 162-residue region between residues 254 and 
41 5 .  Moderate homology in predicted secondary structures 
also exists between these two regions. Although streptokinase 
is not a protease, these observations suggest that it has evolved 
from a serine protease by gene duplication and fusion. A 
COOH-terminal region of about 80 residues is apparently 
deleted from the second half of the duplicated structures. 
These observations further suggest that the three-dimensional 
structure of streptokinase likely contains two independently 
folded domains, each homologous to serine proteases. 

determination of the complete amino acid sequence of strep- 
tokinase which is reported in this paper. 

Materials and Methods 

Streptokinase was obtained from A. B. Kabi (Stockholm, 
Sweden) in vials which also contained serum albumin added 
as a stabilizer. The streptokinase was separated from the 
albumin by ammonium sulfate precipitation, followed by 
dialysis and lyophilization. This starting material gave es- 
sentially a single band in NaDodS041-polyacrylamide gel 
electrophoresis with a molecular weight near 50 000. 

Cyanogen bromide cleavages (Steers et al., 1965) were 
carried out in several batches of about 100 mg of streptokinase 
each. The fragments were separated on a 2.5 X 100 cm 
column of Sephadex G-75 superfine, eluted with 1 M acetic 
acid (Morgan & Henschen, 1969). After their purification, 
the five CNBr peptides were further fragmented by trypsin 
(Worthington), clostripain (Boehringer-Mannheim), endo- 
proteinase Lys-C (Boehringer-Mannheim), Staphylococcus 
aureus protease (Miles), or chymotrypsin (Worthington). 
Some proteolytic digestions were performed on CNBr frag- 
ments that were either citraconylated (Atassi & Habeeb, 1972) 
or phthalylated (Pechsre & Bertrand, 1977) in order to in- 
crease the solubility and to produce peptides with lysine 
overlaps. 

The peptides were purified by using one or more of the 
following methods: (a) molecular sieve chromatography on 
Sephadex G-75, G-25, and G-15 columns eluted with 0.1 M 
NH4HC03, pH 8; (b) ion-exchange chromatography on 

Abbreviations: NaDodS04, sodium dodecyl sulfate; FT", phenyl- 
thiohydantoin; HPLC, high-performance liquid Chromatography. 
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1 1 0  7 0  
NH~-Ile-Ala-Gly-Pro-Glu-Trp-Leu-Leu-Asp-Arg-Pro-Ser-Val-Asn-Asn-Ser-Cln-Leu-V~l-Val- 

2 1  30 ' 4  0 
Ser-Val-Ala-Gly-Thr-Val-Clu-Gly-Thr-Asn-Gln-Asp-Ile-Ser-Leu-Lys-Phe-Phe-~lu-Ile- 

4 1  50 6 0  
Asp-Leu-Thr-Ser-Arg-Pro-Ala-His-Gly-Gly-Lys-Thr-Clu-Cln-Cly-Leu-Ser-Pro-Lvs-Ser- 

6 1  7 0  90 
Lys-Pro-Phe-Ala-Thr-Asp-Ser-Gly-Ala-Met-Ser-His-Lys-Leu-~lu-Lys-Ala-Asp-L~u-Leu- 

8 1  9 0  1 0 0  
Lys-Ala-Ile-Gln-Glu-Gln-Leu-Ile-Ala-Asn-Val-His-Ser-Asn-Asp-Asp-Tyr-Phe-Clu-Val- 
1 0 1  1 1 0  1 2 0  
Ile-Asp-Phe-Ala-Ser-Asp-Ala-Thr-Ile-Thr-Asp-Ar~-Asn-Gly-Lys-Val-Tyr-Phe-Ala-Asp- 
1 2 1  130 1 4 0  
Lys-Asp-Gly-Ser-Val-Thr-Leu-Pro-Thr-Gln-Pro-Val-Cln-Glu-Phe-Leu-Leu-Ser-Cly-His- 
1 4 1  1 5 0  1 6 0  
Val-Arg-Val-Arg-Pro-Tyr-Lys-Glu-Lys-Pro-Ile-Gln-Asn-Cln-A~a-Lys-Ser-Val-Asp-Val- 

Glu-Tyr-Thr-Val-Gln-Phe-Thr-Pro- -Asn-Pro-Asp-Asp-Asp-Phe-Arg-Pro-Cly-Leu-Lvs- 
1 8 1  
Leu- Thr-Lys-Leu-Leu-Lys-Thr-Leu-Ala-Ile-Gly-Asp-Thr-Ile-Thr-Ser-Cln-Clu-Leu-Leu- ASD 

161 Leu 1'0 180 

Asp 1 9 0  200 

z o i  210 2 2 0  
Ala-Gln-Ala-Gln-Ser-Ile-Leu-Asn-Lys-Asn-His-Pro-Gly-Tyr-Thr-Ile-Tyr-Clu-Ar~-Asp- 
2 2  1 2 3 0  2 4 0  
Ser-Ser-Ile-Val-Thr-His-Asp-Asn-Asp-Ile-Phe-Arg-Thr-Ile-Leu-Pro-Met-Asp-~ln-Clu- 
2 4  1 2 5 0  2 6 0  
Phe-Thr-Tyr-Arg-Val-Lys-Asn-Arg-Glu-Gln-Ala-Tyr-Ar~-Ile-Asn-Lys-Lys-Ser-Cly-Leu- 
2 6 1  270 7 8 0  
Asn-Glu-Glu-Ile-Asn-Asn-Thr-Asp-Leu-Ile-Ser-Leu-~lu-Tvr-Lys-Tyr-Val-Leu-L~s-Lys- 
2 8  1 2 9 0  7 0 0  
Gly-Glu-Lys-Pro-Tyr-Asp-Pro-Phe-Asp-Arg-Ser-His-Leu-Lvs-Leu-Phe-Thr-Ile-Lys-Tyr- 
3 0 1  310 7 2 0  
Val-Asp-Val-Asp-Thr-Asn-Glu-Leu-Leu-Lys-Ser-Glu-Gln-Leu-Leu-Thr-Ala-Ser-~lu-Arg- 
3 2  1 330 3 4 0  
Asn-Leu-Asp-Phe-Arg-Asp-Leu-Tyr-Asp-Pro-Arg-Asp-Lys-Ala-Lys-Leu-Leu-,Tyr-Asn-Asn- 
34 1 3 5 0  3 6 0  
Leu-Asp-Ala-Phe-Gly-Ile-Met-Asp-Tyr-Thr-Leu-Thr-Gly-Lys-Val-Glu-Asp-Asn-His-Asp- 
3 6 1  370 3 8 0  
Asp-Thr-Asn-Arg-Ile-Ile-Thr-Val-Tyr-Met-Gly-Lys-Arg-Pro-Glu-Gly-Glu-Asn-Ala-Ser- 
381 390 '4 0 0 
Tyr-His-Leu-Ala-Tyr-Asp-Lys-Asp-Arg-Tyr-Thr-Glu-Clu-Glu-Arg-Glu-Val-Tyr-Ser-Tyr- 
4 0 1  4 1 0  
Leu-Arg-Tyr-Thr-Gly-Thr-Pro-Ile-Pro-Asp-Asn-Pro-Asp-Asp-Lys-COOH 

FIGURE 1: Amino acid sequence of Streptokinase. Positions 169 and 181 are structurally heterogeneous. 
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FIGURE 2: Summary of sequence evidence. Bars represent isolated 
fragments. The shaded areas represent sequenced regions. Peptides 
were generated by treatment with cyanogen bromide (CB), S. aureus 
protease (S), clostripain (CL), trypsin (T), trypsin digestion of ly- 
sine-modified streptokinase (TM), endoproteinase Lys-C (LC), and 
chymotrypsin (CH). Intact streptokinase is labeled SK. 

peptides were performed, after acid hydrolysis, on a Durrum 
D500 amino acid analyzer by using the method of Spackman 
et al. (1958). 

The sequence determinations were carried out by automated 
Edman degradation in a Beckman sequencer, Model 890C. 
A dilute Quadrol program (Brauer et al., 1975) was used with 
5 mg of polybrene as the carrier. The conversion of anilino- 
thiazolinones to PTH-amino acids was accomplished with 
anhydrous methanolic HC1 (Tarr, 1975) in a Sequemat P-6 
autoconverter. The PTH-amino acids were identified by using 
a Waters Associates gradient HPLC, with a Waters Associates 
5-pm CI8 (8 X 100 mm) radial compression column and 
module. The solvent system and elution procedure were es- 
sentially that described by Henderson et al. (1980). The 
majority of PTH-amino acid samples were independently 
identified by thin-layer chromatography (Summers et al., 
1973). 

Results and Discussion 

The complete amino acid sequence of streptokinase is given 
in Figure 1. The molecule contains 415 amino acid residues 
in a single polypeptide chain. This sequence was constructed 
from the peptide sequences from five CNBr fragments and 
proteolytic cleavages of intact streptokinase and the CNBr 
fragments, as summarized in Figure 2. The sequence of the 
",-terminal CNBr fragment, CB1 (residues 1-70), was 

DEAE-Sephadex, QAE-Sephadex, and SP-Sephadex; (c) 
HPLC on a reversed-phase Supelcosil LC-18 column (0.45 
X 25 cm, from Supelco) by acetonitrile gradient elution from 
either 0.01 M potassium phosphate, pH 7.5, or 0.1% tri- 
fluoroacetic acid; (d) high-voltage paper electrophoresis as 
described by Chen et al. (1975). Amino acid analyses of the 
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Table I: Amino Acid Composition of Streptokinase 
no. of no. of 

amino acid residues amino acid residues 

aspartic acid 
asparagine 
threonine 
serine 
glutamic acid 
glutamine 
proline 
glycine 
alanine 
valine 

41 
24 
30 
25 
28 
16 
21 
20 
21 
23 

methionine 
isoleucine 
leucine 
tyrosine 
phenylalanine 
histidine 
lysine 
arginine 
tryptophan 
total residues 

4 
23 
40 
22 
15 
9 

32 
20 
1 

415 

constructed from the Edman degradation of this fragment and 
from the sequence of CB1 peptides produced separately by 
clostripain and Staphylococcus aureus protease digestions. 
Fragment CB2 (residues 71-237) was the largest of five CNBr 
fragments. Most of the CB2 structure was obtained from the 

sequence of peptides produced from S .  aureus protease and 
tryptic digests. Other information used in constructing the 
CB2 sequence was generated from Edman degradation of CB2, 
sequences of two peptides isolated from the digestion of CB2 
separately with a-chymotrypsin and endoproteinase Lys-C, 
and the sequence of a tryptic peptide obtained from phthal- 
ylated streptokinase. The sequence of fragment CB3 (residues 
238-347) was determined essentially from Edman degradation 
of the fragment and from the peptide sequence of its proteolytic 
digest by using S .  aureus protease and clostripain. The 
structure of fragment CB4 (residues 348-370) was obtained 
by using only Edman degradation of the fragment. Fragment 
CB5 (residues 371-415) was nearly sequenced through by 
Edman degradation. A short COOH-terminal sequence was 
obtained from a tryptic peptide. The placement of CNBr 
fragments was achieved by the isolation and sequencing of 
methionine-containing peptides from streptokinase after sep- 
arate digestions with clostripain, S .  aureus protease, and 
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FIGURE 3: Homology in amino acid sequences of the "*-terminal region of streptokinase (residues 1-230) to serine proteases: trypsin and 
S. griseus proteases A and B. Boxes represent identical residues. Dotted lines represent structurally and functionally similar residues. The 
arrows locate positions of the three active-site residues of serine proteases. The alignment among the serine proteases is taken from the work 
of James et al. (1978). 
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O - - K D R Y l E E f R E V Y S Y L R Y l C l P l P D N P D Q K ~ ~ ~ ~  u u u - 
n o w  4 Internal S ~ N C ~ U ~ I  homology of streptokinase. The observed 
homologous regions are between the NH,-terminal 174 residues and 
the region between residues 254-415 (COOH terminus). They form 
nearly 2-fold similarity in the streptokinase structure. 

trypsin. These results accounted for the identification and 
placement of all 415 amino acid residues in the streptokinase 
molecule. 

The molecular weight of the protein is 47 408. The amino 
acid composition of streptokinase, based on the complete se- 
quence, is given in Table I. Streptokinase contains no cysteine 
or cystine. There are 69 carboxyl side chains, 61 basic side 
chains, and 170 (41%) hydrophobic residues. The distribution 
of these residues appears to be rather even throughout the 
linear structure of streptokinase. 

Sequence Homology between Streptokinase and Serine 
ploteares. We have previously reported that the ",-terminal 
sequence of about 70 residues in streptokinase is homologous 
to the ",-terminal region of serine proteases such as trypsin 
and Streptomyces griseus proteases A and B (Jackson & Tang, 
1978). With the complete sequence of streptokinase, it is now 
clear that serine proteases of the trypsin family are homologous 
with approximately the ",-terminal 230 residues of strep- 
tokinase. Figure 3 illustrates the alignment of the streptokinase 
sequence with that of bovine trypsin (Hartley, 1970) and S. 
griseus proteases A (Johnson & Smillie, 1974) and B (JuraSek 
et al., 1974). Since streptokinase is not a protease itself, the 
residues corresponding to the known serine protease active sites 
are of particular interest. As previously described (Jackson 
& Tang, 1978), the residue corresponding to the active-site 
His-57 is a glycine (residue 24) in streptokinase. The sequence 
that precedes this residue in streptokinase is highly homologous 
to that of the proteases (Figure 3); the His - Gly replacement 
i5 therefore quite certain. The alignment in Figure 3 also 
shows that the active-site residues corresponding to Asp102 
and Ser-195 are present in streptokinase (Asp66 and Ser-157). 
It should be pointed out that in the alignment in Figure 3, 
major gaps in the sequence were taken from the published 
homology alignment of bovine trypsin and S. griseus proteases 
based on topological equivalences in the crystal structures 
(James et al., 1978). Streptokinase shares two major gaps with 
the S. grisew proteases. One gap is located between residues 
19 and 29 of trypsin and the other gap is located between 

, . .  , , .  
5 

:+ :-' :- , , ,  

B k d M  

fyl 4ca - m 

FIGURE 5:  Comparison of the predicted secondary structures of the 
two regions with internal sequence homology from Figure 4. The 
secondary structure was predicted by using the method of Chou & 
Fasman (1974). Regions identified by double-headed arrows are those 
with apparent saondary structure homology. Diagonal hatch marks 
represent the a helix; horizontal hatch marks designate the 8 S ~ N C ~ U E ;  
open areas represent the random coil. 

residues 143 and 156 of trypsin. The three-dimensional 
structure of the NH2-terminal230 residues of streptokinase 
is probably most similar to that of the S.  griseus proteases. 
There is a good sequence homology between streptokinase and 
all three proteases; however, streptokinase shares more com- 
mon gaps with the S.  griseus proteases. Two major sequence 
gaps were introduced for all three serine proteases in the 
alignment of Figure 3. These gaps caespond to streptokinase 
regions of residues 96-100 and residues 165-186. These 
probably represent structures unique for streptokinase. 

Internal Twojold Homology of Streptokinase and Its Eu- 
olutionary Origin. The streptokinase sequence contains in- 
ternal homology between two large regions as shown in Figure 
4. The 174-residue region at the NH, terminus is homologous 
with the region between residues 254 and 415 at the COOH 
terminus. Moderate homology can also be seen between the 
predicted secondary structures of these regions (Figure 5). 
This internal structural homology, which is almost between 
the two halves of the molecule, suggests that streptokinase 
contains two similar domains in its three-dimensional structure. 
This is supported by our previous finding that staphylokinase, 
another nonprotease plasminogen activator, has a subunit 
molecular weight of 23000 (only about half of that for 
streptokinase, 47408) and requires a dimer to be functionally 
active (Jackson et al., 1980, 1981). Theseobservations predict 
close relationships in the structure and functional mechanisms 
of streptokinase and staphylokinase. 

The amino acid sequences of these two regions of the 
streptokinase molecule appear to be reasonably homologous 
(Figure 5). There are 42 identical residues which account for 
about one-fourth of the region. Together with 18 functionally 
similar residues, they represent about 35% of the residues in 
these regions. On the other hand, the COOH-terminal region, 
residues 254-415, is only weakly homologous to the serine 
proteases (sequence comparisons not shown). In addition, the 
residues in this region that correspond to the active-site His-57 
and Ser-195 of serine proteases are residues Lys-275 and 
Val-397, respectively. There is a possibility that Asp323 may 
correspond to the active-site Asp102 of serine proteases, but 
this cannot be certain due to the lack of similarity in the two 
sequences around these residues. 

Evidence discussed above suggests that streptokinase was 
likely derived from a serine protease in evolution, as depicted 
in Figure 6. The original structural gene for the ancestral 
protease probably corresponded to the NH,terminal 230 
residues of streptokinase. Mutational steps may have produced 
a nonprotease plasminogen activator that contained two sub- 
units, as in the case of staphylokinase. The duplication and 
fusion of this gene could produce an ancestral streptokinase 
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FIGURE 6 :  Postulated major steps in the evolution of the streptokinase gene and protein. Part A illustrates the homologous areas (solid lines) 
and postulated events (dashed lines) involving the streptokinase gene. Part B is a schematic presentation of the evolution of the streptokinase 
gene and protein. In both parts, the putative and duplicated "leader" sequence regions are blank areas. 

near 484 amino acid residues. Eventual deletions, from the 
COOH-terminal half including about 55 residues from the 
COOH terminus and about 15 interior residues, would have 
produced a molecule similar to the current streptokinase. It 
may be noteworthy that the homology of the ",-terminal 
region of the streptokinase with serine proteases ends at about 
residue 230 (Figure 3) while the internal homology of the 
second half starts at residue 254 (Figure 4). This region of 
24 residues (numbers 231-253) cannot be aligned in homology 
with the serine proteases nor with any other sequence within 
the streptokinase molecule. It is thus postulated that this 
region may have evolved from the leader sequence gene for 
the ancestral serine protease (Figure 6). Since many microbial 
serine proteases as well as streptokinse are secretory proteins, 
this explanation appears logical. 

Possible Functional Implication. The extent of sequence 
homology between the ",-terminal 230 residues of strep- 
tokinase with serine proteases appears sufficient to anticipate 
a closer homology for the tertiary structures. The presence 
of the active-site serine and aspartic acid in the NH2-terminal 
domain of streptokinase prompts an interesting question of 
whether serine-1 57 could have a functional role in the strep- 
tokinase activation of plasminogen. Evidence so far, however, 
does not support the hypothesis that streptokinase is capable 
of catalyzing proteolysis [for a review, see Castellino (1979)l. 
Several hypotheses have been put forward to explain the 
mechanism of binding activation of streptokinase (Jackson & 
Tang, 1978; Bode & Huber, 1976). Our current findings do 
not discriminate among these hypotheses. Not adequately 
accounted for in any of the current hypotheses is the apparent 
requirement for dimeric structures in the function of strep- 
tokinase and staphylokinase. The clarification in this area 
would be greatly assisted by the detailed knowledge of tertiary 
structures in the streptokinase-plasminogen interaction. 
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A Homozygous Human Cell Line Contains Three Subsets of HLA-DR-like 
Antigens Distinguishable by Amino Acid Sequencingt 

David W. Andrews, M. Rosa Bono, and Jack L. Strominger* 

ABSTRACT: The major histocompatibility complex (HLA in 
humans) contains a relatively large set of gene loci in the 
HLA-D/DR region responsible for regulation of the immune 
response. The structural dissection of the protein products of 
these loci is a necessary accompaniment to understanding of 
this response. In this study, two subsets of HLA-DR-like 
molecules have been separated by using monoclonal antibodies, 
and their component a and 8 chains have been subjected to 

Initiation, intensity, and specificity of the immune response 
to extrinsic and intrinsic antigens are controlled by the products 
of genes in the major histocompatibility complex (MHC) 
(Strominger et al., 1981; Benacerraf, 1981). This large set 
of genes was originally defined in mice by the rejection of 
grafts or the proliferation of lymphocytes between individuals. 
The loci in the MHC were divided into three classes on the 
basis of either structure or function of their products, or a 
combination of both (Klein et al., 1981). The class I genes 
encode a polypeptide chain of 44 000 daltons, which forms a 
heterodimer with &microglobulin (12 000 daltons). This 
functional unit is distributed on virtually all nucleated cells 
in vertebrates. These genes are the H-2K, D, and L loci in 
the mouse and the HLA-A, B, and C loci in humans. The 
class I1 genes encode polypeptide chains of two different sizes 
(a and p chains). The regions that contain these loci are called 
HLA-D/DR in humans and Ia in mice. The glycoproteins 
encoded by the these loci have a restricted cellular distribution, 
indicative of their role in lymphocyte interactions. The ap- 
parent molecular weight of these chains varies from species 
to species and even within species. In humans, the HLA-DR 
glycoproteins are 34000 (a chains) and 29000 (/3 chains) 
daltons, but nevertheless they are remarkably similar to the 
class I antigens in structure. Class I11 genes encode com- 
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amino acid terminal sequencing. The results from this se- 
quencing experiment show three differences in the first 14 
residues of the p chains and no differences in the first 15 
residues of the a chains. These data along with previous 
sequencing of the DC-1 antigen [Bono, M. R., & Strominger, 
J. L. (1982) Nature (London) 299,8364381 demonstrate that 
three distinct subsets of HLA-DR-like antigens are expressed 
by a homozygous human lymphoblastoid cell line. 

plement components, whose functional and structural con- 
nection with class I and I1 gene products is problematic, al- 
though they also function in the immune system. 

Serological studies have revealed 10 alleles in the HLA-D 
region, defined by cellular reactivity, and 12 in the HLA-DR 
region, defined by alloantisera (Terasaki, 1980). However, 
subdivision of the HLA-D/DR region has not been accom- 
plished to the extent that it has in the murine system, where 
I-A, I-J, and I-E subregions are relatively well-defined and 
subregions I-B and I-C have been suggested. Only two 
products of the Ia region (encoded by four genes in the I-A 
and I-E subregions) have been identified, each with poly- 
peptides of about 28 000 and 33 000 daltons. Amino-terminal 
sequence data have revealed homology between DR and I-E 
polypeptides (McMillan et al., 1977; Allison et al., 1978) and 
between the closely related specificity DC-1 and I-A poly- 
peptides [Bono & Strominger, 1982; see also Goyert et al. 
(1982)l. Herein we report the amino-terminal sequences of 
two antigenically distinguishable subsets of HLA-DR antigens 
from an HLA-DRw6 homozygous cell line separated by using 
monoclonal antibodies. The j3 chains of these molecules show 
three differences in the first 14 residues, while their a chains 
are identical for the first 15 residues. Thus, there are at least 
three sets of HLA-DR-like antigens expressed in a homozygous 

' Abbreviations: MHC, major histocompatibility complex; NaDod- 
SO,,, sodium dodecyl sulfate; DOC, deoxycholate; DTT, dithiothreitol; 
Tris, tris( hydroxymethy1)aminomethane; PMSF, phenylmethanesulfonyl 
fluoride. 
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