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generated at the V/J junction, a point of high variability. 
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Amino Acid Sequence of the Variable Regions of Heavy Chains from Two 
Idiotypically Cross-Reactive Human IgM Anti-y-globulins of the Wa 
Groupt 
David W. Andrewd and J.  Donald Capra* 

ABSTRACT: The amino acid sequences of the variable regions 
of the heavy chains derived from two idiotypically related 
human monoclonal rheumatoid factors are reported. The 
sequences were obtained through automated Edman degra- 
dations of the intact, pyroglutamate aminopeptidase cleaved 
heavy chains and peptides produced from digestion of the 
pentameric IgM with CNBr. The peptides generated from 

I n  order to further our objective of defining a structural 
correlate of a serologically defined idiotype, we have sequenced 
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the CNBr reaction were further digested by trypsin and the 
Staphylococcus aureus V8 protease. Comparisons of these 
sequences and those of the light chains from these molecules 
[Andrews, D. W., & Capra, J .  D. (1981) Biochemistry 
(preceding paper in this issue)] suggest that the idiotypic 
determinant(s) in this system may reside in the framework 
portions of these molecules or in their J segments. 

the variable regions of the heavy chains of two idiotypically 
related rheumatoid factors. Previous structural analysis of two 
proteins from the Po cross-idiotypic group (Capra & Kehoe, 
1974; Klapper & Capra, 1976) provided strong evidence that 
the CDRs of the light and heavy chains of these molecules 
generated the predominant idiotypic determinant in this sys- 
tem. Our initial studies on the light chains of two proteins 
from the Wa cross-idiotypic group (Andrews & Capra, 1981) 
did not confirm this view. 

Since the idiotype in this system is dependent on both the 
heavy and light chains (Kunkel et al., 1973, 1974), the com- 
plete variable region sequences of both the heavy and light 
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Tube number (50 dropr/tube) 

FIGURE 1: Gel filtration of the CNBr reaction mixture of Wol IgM 
through Ultrogel AcA34 in 5 M guanidine hydrochloride. Column 
dimensions were 2.5 X 100 cm, and the effluent was monitored by 
optical density at 280 nm. NaDodS04-polyacrylamide gel electro- 
phoresis analysis [ 15% acrylamide; 1: 18 ratio of bis(acry1amide) to 
acrylamide] of the completely reduced pool B revealed that the largest 
band was of 25 kilodaltons, consistent with it being light chain. 
Fractions were pooled as indicated. 

chains are required in order to approach such a structural 
definition. This paper and the preceding one (Andrews & 
Capra, 1981) provide an opportunity for comparing the com- 
plete variable region amino acid sequences of two monoclonal 
rheumatoid factors which share a cross-reacting idiotype. 

Experimental Procedures 

The materials and methods were the same as described in 
the preceding paper (Andrews & Capra, 1981) with the ad- 
ditions indicated. 

Cyanogen Bromide Reaction. Purified proteins or peptides 
(5-10 mg/mL) were dissolved in 70% HCOOH, and an 
amount of CNBr was added equal to a 100-fold molar excess 
over the methionine content of the reactant. The reactions 
were allowed to proceed at ambient temperature for 24 h, after 
which time they were diluted with H20 and lyophilized. 

Staphylococcus aureus V8 (SV8)' Protease Digestion. 
Proteins or peptides were dissolved in 50 mM NH4HC03 (pH 
8.0) to which an amount of the protease (Miles Laboratories) 
was added in a 1:50 ratio by weight. Reactions were allowed 
to proceed for 10-20 h at  37 OC, after which time they were 
lyophilized or applied to a column. 

Pyroglutamate Aminopeptidase Digestion. Blocked proteins 
or peptides were dissolved in buffer, which consisted of 50 mM 
phosphate/lO mM EDTA/5 mM DTT/5% glycerol, pH 8.0, 
as described (Podell & Abraham, 1978). After flushing with 
N,, 0.5 mg of pyroglutamate aminopeptidase (Boehringer- 
Mannheim) was added, and reactions were allowed to proceed 
for 9 h at 4 OC. Then, another 0.5 mg of enzyme was added, 
the vessel flushed with N2 again, and reactions allowed to 
proceed for 15 h at  ambient temperature. The resulting so- 
lutions were freed from salts by gel filtration or dialysis and 
then lyophilized. 

NaDodSObPolyacrylamide Gel Electrophoresis. The size 
and purity of proteins and peptides were assessed by using 
NaDodS04-polyacrylamide gel electrophoresis on slab gels 
at  various concentrations of acrylamide and bis(acrylamide), 
according to the system devised by Laemmli (1970). 

' Abbreviations used: SV8, Staphylococcus aureus V8; EDTA, eth- 
ylenediaminetetraacetic acid; TPCK, ~-l-(tosylamido)-2-phenylethyl 
chloromethyl ketone; DTT, dithiothreitol; NaDodSO,, sodium dodecyl 
sulfate; pGlu and pE, pyrrolidonecarboxylic acid residue; DNA, deoxy- 
ribonucleic acid. 
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FIGURE 2: Gel filtration of completely reduced and alkylated pool 
B (Figure 1 ) through Sephadex G- 100 in 5 M guanidine hydrochloride. 
Column dimensions were 2.5 X 100 cm, and the effluent was monitored 
by optical density at 280 nm (solid line) and liquid scintillation counting 
(dashed line) (20-rL aliquots). By NaDodSO4-plyacry1amide gel 
electrophoresis, pool A has one band of 25 kilodaltons, pool B has 
two closely spaced bands of 16 kilodaltons, and pool C has one band 
of 8 kilodaltons. Fractions were pooled as indicated. 

Results 
The strategy used in generating peptides was the same for 

both cryoglobulins. The initial procedure involved reaction 
of the intact IgM pentamer with cyanogen bromide. Filtration 
of the resulting mixture through a column of Ultrogel AcA34 
equilibrated in 5 M guanidine hydrochloride gave virtually 
identical elution profiles for both Wol and Sie cryoglobulins 
(for example, Figure 1). These included two major peaks, 
one excluded from the gel (pool A) and another eluting directly 
after it (pool B). 

Analysis of the major peaks by NaDodS04-polyacrylamide 
gel electrophoresis revealed that pool B was Fab. While not 
conclusive, the gel pattern suggested that both p chains con- 
tained a methionyl residue near position 80, as well as the 
expected constant region methionines at 204, 3 18, and 336 in 
the Fd portion of the p chain. This disposition of methionines 
would result in peptides of 25, 16, 8, and 2 kilodaltons. 

Each pool B from the previous CNBr reaction was com- 
pletely reduced, alkylated, and then filtered through a column 
of Sephadex G-100 equilibrated in 5 M guanidine hydro- 
chloride. The resulting elution profiles (for example, Figure 
2) were consistent with the prior NaDodSO, gel patterns. 
Peaks were pooled as indicated and freed from salts by dialysis, 
followed by lyophilization. Pool A was light chain, pool B 
contained at least two polypeptides of - 16 kilodaltons, and 
pool C contained at least one peptide of -8 kilodaltons. 

By use of this single, predictable, reproducible chemical 
cleavage, the light chains and all peptides necessary for se- 
quencing the variable regions of the heavy chains could be 
isolated. 

Initial studies of both Wol and Sie p chains involved isolation 
of intact heavy chains. This was accomplished via complete 
reduction and alkylation of the IgM pentamer, followed by 
filtration through a column of Sephadex G-100 in 5 M 
guanidine hydrochloride. After being freed of salts by dialysis 
and lyophilization, the heavy chains were generally quite in- 
soluble. They could be solubilized, however, by citraconylation 
and could then be dialyzed into the appropriate buffer for 
treatment with pyroglutamate aminopeptidase, as described 
(Podell & Abraham, 1978). After dialysis and lyophilization, 
the resulting cleaved heavy chains were subjected to the au- 
tomated amino acid sequencer. In this manner, the sequence 
of the initial 20 residues of both chains was obtained. The 
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Table I: Tryptic Peptides of Wol p (1-81) 
TD-B 1 B TB-B3 TB-B2 TD-N 1 B TC-B 1 TB-B4 
(20-23) (24-33) (3943)  (55-60) (61-67) (68-81) 

amino acid AAAa Seqb AAA Seq AAA Seq AAA Seq AAA Seq AAA Seq 
S-CMCysC 0.4 1 
ASP 0.9 1 1.3 1 0.8 1 0.7 1 
Thr 1.7 2 
Ser 1.4 1 0.8 1 1.2 1 2.7 3 
Glu 1.0 1 0.7 1 0.8 1 
pro 0.9 1 N D ~  1 0.8 1 
G ~ Y  2.0 2 0.8 1 1.2 1 1.3 1 
Ala 1.3 1 1.4 1 
Val 1.1 1 1.4 1 0.8 1 1.8 2 1.9 2 
Met l e  
Ile 
Leu 0.8 1 
TYr 0.8 1 
Phe 0.8 1 0.7 1 1.0 1 
His 0.9 1 
LY s 1.0 1 0.8 1 0.6 1 0.7 1 1.0 1 
Arg 
TIP ND 1 

a AAA = amino acid analysis. Seq = determined from sequence analysis. S-(Carboxymethy1)cysteine. ND = not determined. 
e Determined as homoserine. 
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FIGURE 3: Gel filtration of the tryptic digest of Wol p(1-81), derived 
from pool C (Figure 2), through Sephadex G-SOSF in 1% ammonium 
bicarbonate. Column dimensions were 0.8 X 100 cm, and the effluent 
was monitored by optical density at 280 and 230 nm, as well as by 
liquid scintillation counting (20-pL aliquots). Fractions were pooled 
as indicated. 

remainder of the sequence of the variable regions was deter- 
mined from peptides derived as described from CNBr cleavage 
of the intact IgM pentamer. 

Wol Heavy Chain. (1) Residues 1-81. This portion of the 
sequence was determined from pool C, derived from the 
complete reduction and alkylation of the Fab fragment of Wol 
IgM (Figure 2). Two procedures were used to generate 
peptides from this fragment: tryptic digestion and digestion 
with the S .  aureus V8 protease (SV8). 

Tryptic digestion of 5 mg of pool C (Figure 2) and filtration 
of the reaction mixture through a column of Sephadex G-5OSF 
in 1% NH4HC03 gave the elution profile in Figure 3. All 
of the pools were subjected to analytical high-voltage paper 
electrophoresis at  pH 3.5 and pH 6.5. Analysis of these data 
lead to all of the fractions, save pool G ,  being subjected to 
preparative high-voltage paper electrophoretic purification. 

Six milligrams of pool C (Figure 2) was subjected to di- 
gestion with SV8 protease. Filtration of the reaction mixture 
through a column of Sephadex G-5OSF equilibrated in 1% 
NH4HC03 gave the elution profile in Figure 4. 

The peptides from this digest were, in general, larger and 
less amenable to paper electrophoresis than those produced 

Q4 i 
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Tube Number ( 5 0  drops/tube 1 

FIGURE 4: Gel filtration of the SV8 digest of Wol p (1-8 I ) ,  derived 
from pool C (Figure 2), through Sephadex G-SOSF in 1% ammonium 
bicarbonate. Column dimensions were 0.8 X 100 an, and the effluent 
was monitored by optical density at 280 nm. Fractions were pooled 
as indicated. 

Table 11: SVB Peptides of Wol1.1 (1-81) 

sv-I: SVG 
(32-46) (47-58) 

amino acid A A A ~  Seab AAA Sea 

S-CM-CysC 
ASP 
Thr 

1.1 1 

Ser 
Glu 2.3 2 2.4 2 
Pro 
GlY 
Ala 
Val 
Met 
Ile 
Leu 
TY 1 
Phe 
His 
LY s 
Am 

1.3 1 0.9 1 
2.8 3 1.8 2 
1.1 1 
1 .o 1 1.1 1 

0.8 1 
1.9 2 0.9 1 
0.9 1 

0.9 1 

1.8 2 
N D ~  1 ND 1 

Trp ND 1 ND 1 

a AAA = amino acid analysis. b Seq = determined from 
sequence. S-(Carboxymethy1)cysteine. ND = not deter- 
mined. 

in the tryptic digest. Whether this was due to their size or 
charge characteristics, or more likely a combination of these 
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Tuba number ( 50 dropsltube 1 

FIGURE 5 :  Gel filtration of the tryptic digest of pool B (Figure 2) 
through Sephadex G-SOSF in 1% ammonium bicarbonate. Column 
dimensions were 0.8 X 100 cm, and the effluent was monitored by 
optical density at 280 nm. Fractions were pooled as indicated. 

features, was not investigated. They were submitted for au- 
tomated sequence analysis without further purification. 

The peptides from these digests that were used for deducing 
the sequence of this portion of Wol heavy chain are illustrated 
in Tables I and 11. The sequences derived from the peptides 
generated in these two digests, in concert with the data pro- 
duced from the unblocked heavy chain, completed the sequence 
for residues 1-81 of the Wol chain. 

( 2 )  Residues 82-123. This part of the sequence was de- 
termined from pool B, derived from the complete reduction 
and alkylation of the Fab fragment of Wol IgM (Figure 2). 
This pool contained at least two peptides by the criterion of 
NaDodS04-polyacrylamide gel electrophoresis, and it was 
expected to contain the fragments spanning residues 82-204 
and 205-3 18. Fortuitously, the amino-terminal residue of the 
latter fragment is glutamine, which cyclizes during the CNBr 
reaction, rendering it indifferent to the Edman reagents. Thus, 
the mixture can be sequenced with the confidence that only 
the variable region peptide is being degraded. In this way, 
the sequence of the initial 25 residues of this peptide was 
obtained. 

Tryptic digestion of this mixture, followed by filtration 
through a column of Sephadex G-5OSF in 1% NH4HC03 gave 
the elution profile in Figure 5. Lyophilization of the excluded 
peak (pool A) from this filtration afforded a peptide extending 
from position 99 to position 168, free of contamination with 
any other peptides. Automated sequence analysis of this 
peptide completed the sequence of the variable region of Wol 
heavy chain. The complete sequence of the variable region 
of Wol heavy chain is shown in Figure 6. 

Sie Heavy Chain. (I) Residues 1-81. The sequencing of 
this portion of Sie heavy chain was addressed in the same 
manner as was that of Wol heavy chain, with hydrolyses 
catalyzed by trypsin and SV8 protease. Five milligrams of 
the 1-81 fragment (isolated in a manner similar to that used 
for 1-81 of Wol; see Figure 2) was subjected to hydrolysis 
catalyzed by trypsin. The reaction mixture was filtered 
through a column of Sephadex G-SOSF equilibrated in 1% 
NH4HC03 giving the elution profile in Figure 7. These 
peptides were labeled T-A-H. The pools T-B, T-C, T-D, T-E, 
and T-F were subjected to preparative high-voltage electro- 
phoresis. Peptides T-A, T-G, and T-H were judged substan- 
tially pure. The peptides from this digest that were used in 
deducing the sequence of this portion of Sie heavy chain are 
illustrated in Table 111. 

Six milligrams of the 1-81 fragment was subjected to hy- 
drolysis catalyzed by SV8 protease. The reaction mixture was 
filtered through a column of Sephadex G-SOSF, equilibrated 
in 1% NH4NC03, giving the elution profile in Figure 8. 
Analysis of these pools by high-voltage paper electrophoresis 

Table 111: Tryptic Peptides of Sie fi  (1-81) 

TD-B3 TG TD-Nl T-A 
(44-53) (54-64) (65-67) (68-81) ~ - -  

amino acid AAAa Seqb AAA Seq AAA Seq AAA Seq 

SCM-CysC 
0.8 1 1.2 1 

1.1 1 
ASP 
Thr 1.2 1 
Ser 1.3 1 1.9 2 
Glu 0.8 1 1.1 1 0.9 1 1.1 1 
PI0 0.9 1 1.3 1 1.1 1 
G ~ Y  2.0 2 1.3 1 
Ala 1.4 1 1.3 1 
Val 1.0 1 0.9 1 1.6 2 
Met l e  
Ile 0.8 1 
Leu 0.8 1 0.8 1 
TY 0.9 1 1.3 1 
Phe 1.3 1 0.8 1 
Hi s 
LY s 1.0 1 0.8 1 1.3 1 

1.0 1 ND 1 
NDd 1 ND 1 ND 1 

k g  
TrP 

a AAA = amino acid analysis. Seq = determined from 
sequence. S-(Carboxymethy1)cysteine. ND = not deter- 
mined. e Determined as homoserine. 

Table IV: Insoluble Residue from SVB Digest of Sie fi  (1-81) 

SV-I (1 1-46) 

amino acid AAAa Seqb 

SCMCys' 
ASP 
Thr 
Ser 
Glu 
Pro 
G ~ Y  
Ala 
Val 
Met 
Ile 
Leu 
TYr 
Phe 
His 
LYS 
Arg 
TrP 

0.8 

3.8 
5.4 
2.4 
N D ~  
6.1 
1.1 
3.1 

0.7 
0.8 
0.9 
0.9 

2.6 
2.1 
ND 

1 

3 
3 
1 

a AAA = amino acid analysis. Seq = determined from 
sequence. S-(Carboxymethy1)cysteine. ND = not deter- 
mined. 

showed that they were all substantially pure and needed no 
further purification. An insoluble residue from this reaction 
was filtered through a column of the same gel, equilibrated 
in 9% HCOOH. Pool A (SV-I) (Table IV) from this filtration 
was lyophilized and gave a homogeneous sequence, extending 
from position 11 to position 46 of the heavy chain. The se- 
quence of this peptide, together with the previously described 
tryptic peptides, completed the sequences of residue 1-81 of 
Sie heavy chain. 

( 2 )  Residues 82-123. This portion of the Sie heavy chain 
was determined by employing the 82-204 and 205-318 mix- 
ture derived from the complete reduction and alkylation of the 
Fab fragment of Sie IgM. As was the case for this pool from 
Wol IgM, one peptide (205-318) becomes blocked to the 
Edman reaction during the cyanogen bromide reaction. This 
fortuituous circumstance allows the accurate analysis of a 
sequencer run on this mixture. An automated sequencer run 
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1 
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-TD - B 1 B*< 7 1 7 7 7 1 TT-B37 7 7 7 9 77 7 7 

e SV-F- 

t' 
4 0  

T R P  V A L  ARG G L N  A L A  
7 7 7 1 7  

4 5  5 0  5 5  6 0  
P R O  G L Y  L Y S  GLY LEU GLU T R P  VAL G L Y  GLN I L E  P R O  LEU ARG P H E  ASN GLY GLU V A L  L Y S  
7 7 7 7 7 7 7 7 7 7 7 7 7 4 7 1 7 - 3 n _ 9 7  7 7 

< sv-r, T D  N1B-s v 

6 5  70 75 80 
ASN P R O  GAY SER V A L  V A L  ARG V A L  SER V A L  SER LEU L Y S  P R O  SER P H E  ASN G L N  ALA HIS 
7 7  1 7 7 ~ 7 1 ~ 7 1 7 7 7 7 7 1 7 7  

f--- T C - B 1->< 

a5 90 9 5  100 

TB-BL 

MET GLU LEU SER SER LEU P H E  SER GLU A S P  T H R  ALA V A L  T Y R  T Y R  C Y S  ALA ARG GLU T Y R  - -4 C N B r  B - C R A  B 

105 110 115 120 
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GLY P H E  ASP T H R  SER ASP T Y R  T Y R  T Y R  T Y R  T Y R  T R P  GLY GLN GLY T H R  LEU VAL T H R  V A L  
777777 7 777 7 7 7 1 7  7 7 7 1 7  7 7 7 7 

T r y p t i c  digest of CNBr B - C R A  B 

SER SER GLY SER 
7 1 7 7  

FIGURE 6: Amino acid sequence of the variable region of Wol heavy chain. Arrows above the sequence represent assignments made on a sequencer 
run of unblocked heavy chain. Arrows below the sequence are assignments made on individual sequencer runs on isolated peptides. 

TUBE NUMBER (50 drops/tube) 

FIGURE 7: Gel filtration of the tryptic digest of Sie ~r (1-81) through 
a column of Sephadex G-5OSF in 1% ammonium bicarbonate. Column 
dimensions were 2.5 X 200 cm, and the effluent was monitored by 
optical density at 280 nm and by scintillation counting (20-~L aliquots). 
Fractions were pooled as indicated. 
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FIGURE 8: Gel filtration of the SV8 digest of Sie p (1-81) through 
a d u m n  of Sephadex G-SOSF in 1% ammonium bicarbonate. Column 
dimensions were 0.8 X 100 cm, and the effluent was monitored by 
optical density at 280 nm. Fractions were pooled as indicated. 

of 40 steps was carried out, and identifications could be made 
through the beginning of the last complementarity-determining 
region. 

The remainder of this portion of the variable region was 
obtained by hydrolysis of the peptide mixture catalyzed by 
trypsin. Filtration of the reaction mixture through a column 
of Sephadex G-5OSF equilibrated in 1% NH4HC03 gave an 

excluded peak that was lyophilized and subjected to automated 
sequencing. This methodology was somewhat complicated by 
the presence of a lysine residue at position 101, within the last 
complementarity-determining region. Indeed, the presence 
of another trypsin-sensitive residue within this region would 
have made this approach considerably less attractive. For- 
tunately, this was not the case, and the large peptide produced 
in this digest began at position 102 and extended to position 
168. Automated sequence analysis of this peptide completed 
the sequence for the variable region of Sie heavy chain. The 
complete sequence of the variable region of Sie heavy chain 
is illustrated in Figure 9. 

Discussion 
With respect to the heavy chains (Figure lo), Sie and Wol 

share the similarities in framework constitution that one would 
expect in proteins of the same variable region subgroup. In 
the variable region, exclusive of the CDRs and the putative 
J segment, there are nine differences (positions 5, 21, 30,43, 
69,80,84,85, 88, and 91) between Sie and Wol(88% hom- 
ology). However, these heavy chains are difficult to classify 
in any of the VH subgroups. The homology exhibited between 
these heavy chains and the VHI prototype, Eu (Eu/Sie = 75%; 
Eu/Wol = 79%; see Figure 1 l) ,  is considerably less than one 
would expect among proteins of the same VH subgroup (usually 
around 90%). As a general rule, intrasubgroup homology is 
in the 80-90% range, while the intersubgroup homology 
(neglecting VH1) is 40-70%. Sie and Cor (a VHII protein) 
have 43% homology, and Wol and Cor have 45% homology. 
Thus, Sie and Wol are clearly within the intrasubgroup range, 
but their relationship to the VHI prototype, Eu, is intermediate. 

This issue is complicated by the fact that there is only one 
complete VHI sequence, Eu, which was reported over 10 years 
ago (Cunningham et al., 1970). The only other VHI sequence 
that is substantially complete is Di (Kohler et al., 1970; Florent 
et al., 1974), which has 78 of 123 residues assigned in its 
variable region, of which 64 are in the framework portions. 
Of these 64 framework residues, 22 are different between Di 
and Eu, and 20 are different between Sie and Di. Thus, we 
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S I E  HEAVY CHAIN VARIABLE REGION 

1 5 10 15 20 
2 2 A 2 A A 2 2 A A 2 A A A A 2 A L A  

7 7 7 7 7 7 7 7 7 7  
pGLU VAL GLN LEU VAL GLN S E R  GLY ALA GLU VAL LYS LYS PRO GLY S E R  SER VAL ARG VAL 

25 30 35 4 0  

THR CYS LYS THR SER GLY GLY THR PHE SER GLY TYR THR I L E  SER TRP VAL b R G  GLN ALA 
1 1 7 7 ~ 7 7 7 1 1 1 1 7 7 7 7 ~ 7 - 7  

SVB- i n s o l u b l e  p e p t i d e  
45 50 55 60 

PRO GLY ARG GLY LEU GLU TRP VAL GLY SER PRO ALA LYS TRP THR ASP PRO PHE GLN GLY 
7 1 7 1 77 77, 

< 
6 5  70 15 80 

VAL TYR I L E  LYS TRP GLU ARG VAL THR VAL SER LEU LYS PRO SER PHE ASN GLN ALA TYR 
1 7 ~ 7 1 1 1 1 1 7 7 1 1 1 7 7 1 7 1 7  
-fTD-N l+< T-A 

85 9 0  9 5  100 

MET GLU LEU VAL ASN LEU PHE ASN GLU ASP GLY ALA VAL TYR TYR CYS ALA ARC GLU TRP 
1 7 1 7 7 7 1 7 7 7 7 - r 1 7 7 7 7 7 1 7  --+< CNBr  B - CRA B 

1 0 5  110 115 120 

LYS GLY GLN VAL ASN VAL ASN PRO PHE ASP TYR TRP GLY GLN GLY VAL LEU VAL THR VAL 
7 - 7 9  1 1  1 1 1  1 - 7 1  1 - 7 1 1 1 1  

T r y p t i c  d i g e s t  o f  C N B r  B - CRA B 

SER SER GLY SER 
1 1 1 7  

FIGURE 9: Amino acid sequence of the variable region of Sie heavy chain. Arrows above the sequence represent assignments made on a sequencer 
run of unblocked heavy chain. Arrows below the sequence are assignments made on individual sequencer runs of isolated peptides. 

HEAVY CHAIN VARIABLE REGION COMPARISONS 

1 0  15  20 s 25 
pGlu Val G ln  Leu.Va&Gln Ser Gly A l a  G lu  Val Lys Lys  Pro Gly Ser Ser Val A rg  Val ,Thr:Cys Lys Th r  Ser  

pGlu Val G ln  Leu:Met:Gln Ser C l y  A l a  G lu  Val Lys Lys  Pro Gly Ser  Ser Val Arg Val ~Ser :Cys  Lys Th r  Ser  

T'Y 3: + 
h\T b\Y 

S' N 

SIE 

WOL 

40 45 
Trp  Val Arg Gln A l a  P ro  G1y:Arp Gly Leu G lu  T r p  Val Gly ixv 
Trp Val A rg  Gln A l a  Pro G~Y:LYS:  Gly Leu Glu T rp  Val Gly s 

7 5  
Ser -eJ Lys Pro Ser 

A rg  Val .Ser. Val Ser -et, Lys Pro Ser 
1\\y 
s 

' 95 
SIE 

WOL 

Phe Asn G ln  A l a \ T y r  Met G lu  Leu:Val:Asn Leu Phe:Asn:Glu Asp:Gly:Ala Va! Ty r  T y r  Cy5 A l a  A rg  

Phe Asn Gln A1a:His Met G lu  Val Ty r  T y r  Cys A l a  A rg  
A\\: \\\\ 

s 
120 

T r p  G ly  Gln Gly :Val.Leu Val Th r  Val Ser Ser Gly Ser 
Ass 

T r p  Gly Gln Gly Thr:Leu Val Thr  Val Ser Ser Gly Ser s 
FIGURE 10: Amino acid sequences of the variable regions of the heavy chains of two IgM anti-y-globulins, Sie and Wol, which share idiotypic 
determinants. The differences in the sequences are shaded, and the complementarity-determining regions are boxed. 

believe an assignment of Sie and Wol to V,I (or any other 
extant subgroup) is premature. 

Within the complementarity-determining regions, Sie and 
Wol heavy chains differ at 32 of 35 positions. These heavy- 
chain data make a connection between idiotype and comple- 
mentarity-determining regions difficult to rationalize in this 
idiotypic system. There are several possible interpretations 
for these data. 

Sie and Wol are not members of the same idiotypic set. 
This is the most obvious and trivial conclusion. However, it 

seems untenable. In addition to their original assignment to 
the Wa group of monoclonal rheumatoid factors, recent data 
obtained by using a different system confirm this assignment 
(V. Agnello, personal communication; Agnello et al., 1980). 

The presumptive anti-idiotype actually recognizes patterns 
related to framework sequences. This is quite possible. The 
four chains of these two molecules are strikingly similar [98% 
homology in the light chains (Andrews & Capra, 1981) and 
88% homology in the heavy chains, both with respect to 
framework residues]. 
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H E A V Y  C H A I N  V A R I A B L E  R E G I O N  C O M P A R I S O N S  

A N D R E W S  A N D  C A P R A  

S I E  

WOL 

E U  

S I E  

WOL 

E U  

S I E  

M O L  

E U  

1 0  2 0  3 0  4 0  
p E V Q L V Q S G A E V K K P G S S V R V T C K T S G G T F S G Y T I S W V R Q A  

M S V D - K G L  

K - S - A  R S A - I  

5 0  60 70 80 
P G R G L E W V G S P A K W T D P F Q G V Y I K W E R V T V S L K P S F N Q A Y  

K Q I P L R F N G E V K N P G S V V - S  H 

-Q- M - G I V P M F G - P N Y A Q K F Q G -  I T A  0 E - T - T -  

- 

9 0  1 0 0  1 1 0  1 2 0  
M E L V N L F N E D G A V Y Y C A R E W K G Q V N V N P F D Y W G Q G V L V T V S S G S  

- S S - - - S - T  Y G F D T S D Y Y Y Y  T 

- S S - R S - T - F - F - G G Y G I Y S (  )P E E Y N - G 

nwue 1 1 :  Comparison of the amino acid sequence of the heavy chain variable regions of Sie, Wol, and Eu (Cunningham et al., 1970), the 
prototype for the VHI subgroup. 

4 

7 8 9 40 1 1  12 13 44 45 16 17 

LENGTH OF CDR-KU (Residues) 

?lGURE 12: Histogram of the number of residues in the third com- 
plancntarity-determining region of human heavy chains vs. the number 
of nsidues. The diagonal lines shown at length 13 indicate data derived 
from this report. 

The idiotype may be correlated with the length of the third 
CDR in the heavy chain. This is obviously a gross oversim- 
plication. And it is also prima facie disprovable since Lay, 
Porn, Wol, and Sie all have the same length of CDR I11 but 
are idiotypically distinct. However, the constitution and the 
lenlth of this CDR may together generate an idiotypic de- 
terminant. Also, the possibility is worth considering from the 
point of view of specificity, if not idiotype. 

The lengths of the first and second CDRs of human heavy 
chains show very little variation. However, there is a large 
variation in the lengths of CDR I11 among human heavy 
chains. This is graphically represented in Figure 12. The 
length of CDR I11 is critical in determining the size and shape 
of the antibody combining site [reviewed by Padlan (1977)l 
and may have a similar effect on the idiotypic determinants. 
Thc heavy chains of Wol, Sie, Pom, and Lay all have the same 
length of their third CDR. The probability of this having 
occurred by chance can be addressed by the following analysis. 

The probability of picking two heavy chains at random that 
have CDR I11 of q u a l  length is represented by 

p = P(7)P(7/7)  + P(8)P(8/8)  + P(9)P(9/9)  + 
P(10)P(10/10) + P ( l l ) P ( l l / l l )  + P(12)P(12/12) + 
P ( 1 3 ) P ( 1 3 / 1 3 )  + P(14)P(14/14) + P ( 1 5 ) P ( 1 5 / 1 5 )  + 

P(16)P(16/ 16) + P(17)P(l7/ 17) 
where p(n)  is the probability of picking a heavy chain with 
a CDR I11 of length n residues, and p(n/n)  is the conditional 
probability of picking a heavy chain with a CDR I11 length 
n residues, having already picked one of n residues. 

By use of the data of Kabat et al. (1979), this equation 
becomes 
P = ( 1 / 2 5 ) ( 0 / 2 4 )  + ( 2 / 2 5 ) ( 1 / 2 4 )  + ( 3 / 2 5 ) ( 2 / 2 4 )  + 

( 7 / 2 5 ) ( 6 / 2 4 )  + ( 2 / 2 5 ) ( 1 / 2 4 )  + ( 2 / 2 5 ) ( 1 / 2 4 )  + 
( 6 / 2 5 ) ( 5 / 2 4 )  + 0 + 0 ( 1 / 2 5 ) ( 0 / 2 4 )  + ( 1 / 2 5 ) ( 0 / 2 4 )  

P = ( 2  + 6 + 42 + 2 + 2 + 30) / [ (25 ) (24 ) ]  

P = 84/6000 

P = 0.14 

The probability of picking four human heavy chains having 
their CDR I11 of equal length can be addressed in the same 
way 

P = 0 + 0 + 0 + (7/25)(6/24)(5/23)(4/22) + 0 + 0 + 
(6/25)(5/24)(4/23)(3/22) + 0 + 0 + 0 + 0 

P = (840 + 360) / [ (25) (24) (23) (22) ]  

P = 1200/303600 

P = 0.00395 

Thus, the probability that Wol, Sie, Lay, and Pom all have 
the same length CDR I11 simply by chance is less than 1 in 
250. It is unclear, however, what this reveals about these 
molecules. The fact that they are all rheumatoid factors may 
be significant. Five other human heavy chains have a CDR 
I11 of 13 residues. They are Cor, Tei, Tro, Cam, and Ga. 
None of the molecules from which these are derived are re- 
ported to have any demonstrable specificity or idiotypic 
classification. 

The presumptive anti-idiotype is specific for determinants 
formed by the J segments of Wol and Sie heavy chains. 
Another possibility for a structural correlate to idiotype in 
heavy chains is the section analogous to the J segment in light 
chains. The movement of the DNA encoding the V segment 
(residues 1-96) to a position contiguous with one of several 
J segments (residues 97-109) has been extensively analyzed 
in the mouse X chain system (Seidman et al., 1978; Bernard 
et al., 1978; Sakano et al., 1979; Max et al., 1979). 

The situation in heavy chains is complicated by two aspects 
of their natural history of expression. The first is that different 
classes of heavy chain may express, in a sequential fashion, 
the same variable region (Nossal et al., 1964; Gally & 
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V T V S S G S  

L V T V S S G S  

Y W G 

D-  -J 

POM 

FIGURE 14: D/JH segments of the heavy chains of four IgM anti-y-globulins. Sie and Wol share idiotypic specificities which are different 
from those shared by Lay and Pom. The differences between the two sets are boxed. 

S I E E W K G Q V N V N P M D Y ’ W G Q G ~ L V T V S S G S  - 
W O L E Y G F D T T D Y Y Y Y Y W G Q G T L V T V S S G S  - 

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

D A G P Y V S P T F F G Q G T L V T V S S G S  
- 

Edelman, 1972). This so-called “switch” obviously requires 
genetic manipulations beyond those involved in light chains. 
Secondly, a lymphocyte can make two varieties of the same 
class of heavy chain: one to be inserted in the membrane and 
serve as a receptor; another to be secreted. These are struc- 
turally different and demand different coding and/or pro- 
cessing information. 

Nevertheless, it appears that expression of the variable re- 
gions of heavy chains is analogous to that in light chains. DNA 
segments corresponding to variable region (position 1 to - 100) 
and J H  segments (approximately 104-123) have been se- 
quenced from the mouse (Early et al., 1980; Bernard & 
Gough, 1980), and the presence of a third segment, to connect 
VH and JH, had to be invoked to explain this gap. In fact, its 
presence was inferred from sequence data (Capra & Kindt, 
1975). There is a section of variability in mouse heavy chains 
at this point, flanked by areas of more conserved sequences. 
This segment was termed “D” (for diversity) by Early et al. 
(1980). 

The human genes corresponding to these areas have not, 
as yet, been as completely studied, but early reports suggest 
a similar organization (Matthyssens & Rabbitts, 1980). Their 
presence has been inferred from protein sequences of the region 
100-125 in human heavy chains (Lehman & Putnam, 1980; 
Rao et al., 1979). The boundaries of VH, JH, and D have not 
yet been well-defined, either in mice or humans, and a con- 
sensus will probably have to wait on the DNA sequences. 

It is, however, clear that there exists in human heavy chains 
a segment abutting the third CDR that is relatively conserved 
and which assorts itself independently with respect to different 
VH regions. This segment is analogous to the JH segment in 
mouse immunoglobulin heavy chains. Whether this segment 
is responsible for the idiotype in some systems is the next of 
the possible conclusions from our sequence data. 

The connection between J segments and idiotype seems best 
exemplified in the anti-dextran antibodies in the mouse 
(Schilling et al., 1980). In this idiotypic system, there are two 

kinds of idiotype: a common idiotype (Idx) shared by all 
dextran-binding mouse antibodies and an individually specific 
idiotype (IdI) which typifies a single antibody (IdIM104 and 
IdIJ558 are the two examples derived from myeloma proteins). 
The structural basis for this serological difference between 
these two molecules appears to be confined to the third CDR 
of the heavy chain, more specifically to the D segment. Thus, 
only molecules which are identical, or differ by a single con- 
servative substitution in this section, fully express this set of 
determinants. Differences in the D and/or J segments abro- 
gate this reactivity, while leaving the Idx unaffected. In this 
system, then, one form of idiotypy is associated with the third 
CDR and the JH segment. 

In the human system, such correlations are much more 
difficult to accumulate. Two conditions must be met in order 
to apply such a definition to the idiotypically defined sets 
among monoclonal rheumatoid factors. First, those molecules 
sharing idiotype must exhibit virtual identity in their D and/or 
J segments. Second, members of different idiotypic sets must 
differ in these areas. 

These conditions are met in both sets of the monoclonal 
rheumatoid factors. With respect to heavy chains (Figure 13 
and 14), Lay and Pom have identical third CDRs, and their 
JH segments have but one difference, a tyrosine/tryptophan 
substitution at position 112. Sie and Wol are quite different 
in their D segments, having but one residue in common out 
of eleven, but their J H  segments differ at only two positions 
(position 110, Asp/Tyr; position 116, Val/Thr). The JH 
segments of Sie and Wol differ from Lay and Pom at two, 
three, or four positions, depending on the comparison: Wol 
and Pom at 110,111, and 112; Wol and Lay at 1 10 and 11 1; 
Sie and Pom at 110, 11 1, 112, and 116; Sie and Lay at 110, 
1 11, and 1 16. These are all structurally nonconservative 
changes. 

Thus, an argument can be made for the J segments of these 
heavy chains being the predominant idiotypic determinant in 
the monoclonal rheumatoid factor system. First, these areas 
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are quite similar between Wol and Sie and between Lay and 
Pom. Second, there are differences in these segments between 
the members of these two idiotypic sets that could account for 
their disparate antigenic reactivities. These areas of the heavy 
and light chains are brought into proximity in the native 
conformation of the immunoglobulin molecule, according to 
the published crystallographic structure (Poljak et al., 1973). 
They are also on the surface of the molecule, constituting an 
accessible and potent pattern. Taken together, these data 
suggest that the J regions are involved in the idiotypic clas- 
sification of this system. Here, as in the light chains (Andrews 
& Capra, 1981), a potential idiotypic determinant is generated 
at a point in the polypeptide chain that is apparently designed 
to produce extreme variability. 

The network theory of immune regulation (Jerne, 1974) 
requires that each recognition unit (whether on a B or T cell) 
express a unique set of determinants, called the idiotype. This 
set may be composed of one or more subsets, called idiotopes. 
The monoclonal human rheumatoid factors provide an example 
of two different sets of determinants that are both expressions 
of idiotypy. In the Po group, it is tempting to regard the CDRs 
of both the heavy and light chains as the predominant idiotope. 
This is clearly not the case in the Wa group, where the 
framework segments of the light chain and/or the J segments 
of the component chains are likely candidates. Further 
structural analysis on proteins from both these groups should 
clarify the issue of idiotypy in this system. 
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