CHEMICAL SYNTHESIS OF IDIOTOPES
Evidence that Antisera to the Same JH, Peptide Detect Multiple

Binding Site-associated Idiotopes

By MICHAEL V. SEIDEN,* BRIAN CLEVINGER,* SEAMUS McMILLAN}
ANTOINE SROUJLS RICHARD LERNER,f anp JOSEPH M. DAVIE*

From the *Department of Microbiology and Immunology, School of Medicine and *Division of
Biomedical Science, School of Dental Medicine, Washington University, St. Louis, Missouri 63110
and ¥The Department of Molecular Biology, Research Institute of the Scripps Clinic,

La Jolla, California 92037

Structural heterogeneity of variable region domains of immunoglobulins is
enormous because of the unique genetic mechanisms for generating antibody
diversity. Variable regions of heavy chains (Vy)' are encoded by three gene
segments, Vy, D, and Ju, that exist in multiple copies in the genome and that
recombine randomly upon immunologic commitment (1-3). Similarly, variable
regions of light chains are encoded by two gene segments, Vg and Jx or V, and
J» (4-6). The combinatorial joining of gene segments expands the number of
protein products geometrically. Second, the joining process itself is imprecise so
that diversity at the junction of gene segments occurs (7, 8). Both combinatorial
joining and junctional diversity mechanisms lead to extreme variability in the
third hypervariable regions of the heavy and light chains, which are particularly
important regions of the binding site. Third, special time-dependent mutational
mechanisms lead to single base changes scattered throughout the recombined
variable region genes leading to further protein diversification (9-12).

More than 20 years ago, Kunkel (13) showed that the structural diversity
expressed by variable region domains could be detected by antisera. These
variable region antigenic determinants, called idiotopes, provide simple and
highly specific ways of identifying and comparing variable regions and have been
widely used in immunological research. Potentially, any part of the variable
domains may express idiotopes and, indeed, a wide variety of these determinants
have been described, including those located within or outside the binding site,
on Vi or Vy domains, and on the complex of V-Vy (14-17). The totality of
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idiotopes on an individual immunoglobulin, called an idiotype, constitutes a
unique set of markers highly characteristic of each protein. Indeed, Kunkel (18)
used idiotypic analysis to estimate that the variable region repertoire of humans
exceeded 107.

Molecules that share idiotypes could be expected to be structurally and even
functionally similar and there are many examples where this is the case (9, 17).
Antibodies with the same antigen specificity often share idiotypic determinants
and this has been shown to reflect common genetic origins and similar structure.
In addition, however, molecules that do not share genetic origins, but which
have affinity for the same ligand, such as antibodies and T cell receptors specific
for the same antigen (19), and antibodies and cell receptors specific for the same
hormones (20), have also been shown to share idiotopes. Thus, some idiotopes
are functional markers.

In addition to providing useful markers for investigating variable region
structure and function, it has become clear that idiotypes may provide an
important means of immune regulation. Jerne (21) first called attention to the
possibility that idiotopes on lymphocyte receptors may be recognized by other
lymphocyte receptors with antiidiotope specificity, forming the idiotype network;
antibodies, suppressor T cells, and helper T cells have all been shown to recognize
idiotopes and to augment or suppress idiotype production (22-24). Further,
antibodies to idiotypic determinants when passively administered result in the
elimination of lymphocytes bearing the idiotype (25). If these cells are malignant,
antiidiotypic antisera can be an effective therapy (26). Potentially, if the idiotype
is shared by a family of autoimmunity-causing clones, antiidiotypic therapy may
be curative.

Thus, idiotypic determinants are extremely important from several viewpoints.
It is disappointing to realize that the molecular definition of an idiotope has been
accomplished in only a few instances (17). Inability to make molecular assign-
ments of idiotype is due, in part, to the complexity of the process of assignment.
Required are both monospecific antiidiotypic antibody and families of idiotype-
positive and -negative immunoglobulins that are both completely structurally
characterized and sufficiently similar/dissimilar so that the correlation of idiotype
with structure can be made by inspection. In the few cases in which idiotype
expression can be correlated with certain amino acid residues, it is not clear
whether the idiotope is present on these critical residues or, alternatively, on
others influenced by the critical residues.

To date, idiotypes have been defined following immunization of animals with
intact immunoglobulin. Recently, however, synthetic peptides have been used to
generate antibodies that bind both peptide and proteins bearing that sequence
(27-29). We have applied this strategy to immunoglobulins in an effort to
generate site-specific antiidiotypic reagents (30, 31). Here we show that a peptide
corresponding to JH; of murine Vy regions stimulates a variety of antibodies to
immunoglobulin determinants at least some of which are found preferentially
on families of antibodies with the same specificity. This indicates that a short,
relatively constant part of variable domains actually forms part or all of a
multiplicity of determinants.
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Materials and Methods

Animals. New Zealand white rabbits were obtained from Isaacs Lab Stock, Litchfield,
IL. Sprague Dawley outbred rats were obtained from Harlan Sprague Dawley, Indianap-
olis, IN.

Peptide Synthesis. Peptides were synthesized manually from free amino acids using
standard Merrifield techniques (32). Finished peptides were cleaved from the resin with
hydrofluoric acid (HF), characterized by thin layer chromatography, and purified by
partition chromatography on G-25 Sephadex. Confirmation of the JH, peptide structure
was obtained by amino acid sequence analysis. Bombesin, a tetradecapeptide hormone,
was obtained commercially (Sigma Chemical Co., St. Louis, MO).

Immunogen. JH; and bombesin peptides were coupled via glutaraldehyde (Sigma) to
Keyhole limpet hemocyanin (KLH; Calbiochem-Behring Corp., San Diego, CA) as de-
scribed previously (33). Influenza hemagglutinin peptide (HA) was coupled to KLH
through cysteine using n-maleimidobenzoyl-N-hydroxy-succinimide ester as described
elsewhere (34).

Immunization. Rabbits were immunized subcutaneously with 0.5 mg of JH,-KLH in
complete Freund’s adjuvant (CFA; Difco Laboratories, Detroit, MI). Rats were immunized
with 0.1 mg of JH,xn or Bombesin-KLH i.p. Animals were boosted with 0.1 mg of
JH-KLH in incomplete Freund’s adjuvant (IFA; Difco). Control rabbit sera were prepared
using a similar protocol and are described elsewhere (35).

Antibody Assays. Indirect and direct radioimmune assay (RIA) have been described
previously (36). Briefly, 1 ug/ml of antigen in phosphate-buffered saline (PBS) was used
to coat 96-well microtiter plates (Cooke Laboratory and Products, Alexandria, VA). After
blocking unoccupied protein sites with 1% bovine serum albumin (BSA)/PBS, the antigen-
coated plates were exposed to fourfold serial dilutions of anti-JH;-KLH antisera for several
hours. The presence of rabbit antibody bound was detected with 2 X 10° cpm of '#I-goat
anti-rabbit IgG (37) (Gateway Labs, St. Louis, MO). Plates were washed and counts bound
were determined in a gamma counter.

Indirect RIA was used to measure the specificity of binding. Fourfold serial dilutions
of purified inhibitors were mixed with 4 X 10° cpm of '®I-myeloma proteins and exposed
to microtiter plates coated with a 1:1,000 dilution of rabbit anti-JH,-KLLH. After 4 h of
incubation, the wells were washed and radioactivity was measured.

Protein Purification. Most proteins used in this study were affinity purified on Sepharose
4B columns conjugated with the appropriate ligand as described elsewhere (38, 39).
Hybridoma-derived proteins 1-B-10, 6A6, and group A carbohydrate (GAC) 123 were
used as concentrated serum-free tissue culture supernatants. J606 was purified from
ammonium sulfate precipitates of ascites followed by three consecutive euglobulin precip-
itations.

SDS-PAGE and Western Blot Transfer. M104 and low molecular weight standards (Bio-
Rad Laboratories, Richmond, CA) were denatured and reduced by brief boiling in 1%
sodium dodecyl sulfate (SDS) and 1% 2-mercaptoethanol (2ME). Standards and immu-
noglobulin heavy and light chains were separated by discontinuous SDS-polyacrylamide
gel electrophoresis (PAGE) on a 12.5% gel. Separated proteins were electrically trans-
ferred to nitrocellulose (Schleicher & Schuell, Inc., Keene, NH) in a transfer box as
described elsewhere (40). Efficiency of separation and transfer was determined by amido-
blue black stain of the proteins on the nitrocellulose paper.

After transfer, the nitrocellulose was exposed to 1% BSA, 0.05% Tween 20 (Sigma) in
PBS. Individual strips were incubated in BSA/Tween/PBS with a 1:2,000 dilution of
antisera. After a 1-h incubation with the first antibody, the strips were washed and
incubated for 1 h with 2 X 10° cpm of '*I-labeled protein A (Sigma). The strips were
washed overnight with BSA/Tween/PBS and exposed to x-ray for 24 h at —=70°C.

Isoelectric Focusing.  Serum antibodies were characterized by IEF in a 0.9% agarose gel
(41) (FMC Corp., Rockland, ME) containing 2.5% LKB ampholytes 5~-8 and 2.5% LKB
ampholyte 8-9.5 (LKB, Gaithersburg, MD). 1-4 ul of sera were applied to prepunched
wells between a cathodal wick saturated with 100 mM NaOH or imidazole and an anodal
wick saturated with 100 mM phosphoric acid or glycylglycine. Proteins were separated
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with 12 W constant power until the voltage was over 1,000 V. Immunoglobulins were
precipitated with 18% sodium sulfate for 20 min, fixed with 0.01% glutaraldehyde in
sodium sulfate for 20 min, and washed extensively. Fixed gels were incubated for 1-2 h
with 10 X 10° cpm of '**I-labeled myeloma protein or normal mouse IgG (42). Gels were
then washed for 36 h on a rotary shaker, dried, and exposed to film at —=70°C for 1-7 d.

Results

Anti-peptide Sera Bind Both Peptide and Immunoglobulin. Table I shows the
sequences and relative positions of the mouse Jy segments in the Vi domain.
The N-terminal region of Jy is part of HV3 and intrudes into the binding site.
The remainder of Jy lies in the groove separating the Vi and Vy domains (43).
The C-terminus provides the link with the CH, domain.

A peptide corresponding to JH, was synthesized (Table I) and coupled to
KLH; rats and rabbits were immunized with the conjugate and their sera tested
for antibody. Results achieved with a representative serum are shown in Fig. 1.
It is clear that JH;-KLH induces antibodies that bind both peptide and immu-
noglobulins (Fig. 1). Anti-JH, binds JH, peptide best, but also cross-reacts with
the JH; peptide. Only minimal binding is seen with the 15-amino acid peptide
corresponding to the first hypervariable region of MOPC 104 heavy chain (HV1-
M104; Fig. 1a). Further, the same antiserum binds substantial amounts of four
monoclonal antibodies specific for three separate carbohydrate antigens (Fig. 15)
known to have different variable region structures (9, 17, 44). Western blot
analysis shows that the anti-immunoglobulin reactivity is heavy chain specific and
is capable of detecting denatured heavy chains (Fig. 2, lane I). The doublet at
70,000 is the glycosylated and deglycosylated M104 heavy chain as determined
by trifluoromethanesulfonic (TFMS) acid deglycosylation experiments (data not
shown). The fainter band at ~31,000 is probably a heavy chain breakdown
product and has been reported previously (31). The serum shows no activity for
light chain (lane I) or numerous other proteins described in the figure legend
(lane 2). A rabbit immunized with KLH-HA (sera 3630) in CFA showed no
activity for immunoglobulin heavy or light chain or numerous other proteins
(lanes 7 and 4).

Identification of Antiidiotope Antibodies. Direct binding RIA demonstrate that
anti-JH, sera bind several immunoglobulins, but cannot determine whether one

TABLE I
Amino Acid Sequences of the Ju Segments and Synthetic Peptides

HV 3
N *( 97-100F ) 101 102 103 104 105 306 107 108 109 110 111 112 113 C
JH, TYR-TRP-T YR-PHE-ASP- VAL- TRP- GLY~-ALA~GLY~ THR- THR- VAL- THR~ VAL- SER- SER

JH,
JH,
JH,
A ——m—e--LYS
Jasyn TYR-= —-m—m— e TYR- —-== == GLN- w=me e e LEU- ——-ccr—— e ———.LYS

JHj—4 are the four germline Ju sequences used in BALB/c mice (53). Peptides Jisyn and Jgsm were manually synthesized and
characterized by TLC and amino acid compesition, and in the case of Jisyn peptide, by amino acid sequence analysis.

* Kabat numbers denoting position of J segments in the Vy region. N-terminal position its will vary dependi
D segment.

g on length of

&
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FiGURE 1. Binding of anti-JH, to peptide and various hybridoma and myeloma proteins. A)
Binding profiles of JH, immunized rabbit sera to various peptides. JH; (@); JH: (4); HVI-
M104 (W) or BSA alone (X). (B) Binding of anti-JH; to T15 (A); M104 (0), GAC34 (A), or
J558 (@). The sequence of HV1 M104 is Cys-Ser-Gly-Tyr-Thr-Phe-Thr-Asp-Tyr-Tyr-Met-
Lys-Trp-Val-Lys.

or more specificities are expressed within a given serum. Several approaches
were used to examine this question. First, anti-peptide sera from several animals
were examined, following isoelectric focusing (IEF) in agarose gels, for binding
to various labeled immunoglobulin ligands. This technique permits rapid screen-
ing of sera for anti-immunoglobulin reactivity, evaluates heterogeneity of anti-
body activity, permits comparison between different anti-peptide sera, and, most
importantly, allows comparison of the heterogeneity and isoelectric point of
antibodies in a single serum that binds different ligands. In Fig. 3, a variety of
anti-JH, sera (T and numbered samples) and control sera from animals immune
to a variety of irrelevant KLH-coupled peptides (a~d and w-z) were focused on
four separate gels, which were subsequently exposed to '*I-IgG from normal
mouse serum, '**1-J558, an a\ anti-dextran antibody, **I-T15, an «K anti-PC
antibody, and 1251 GAC34, a vsK anti-GAC antibody. Autoradiographs of these
gels show that all anti-JH, sera bind normal mouse IgG (panel A). None of 12
rabbit (data for 4 shown) and 4 rat antisera raised to irrelevant peptides have
this specificity. The anti-IgG activity is heterogeneous with a slight suggestion of
shared bands between sera. Very different patterns are seen when homogeneous
immunoglobulin ligands are used. Many, but not all, sera have reactivity to '#I-
J558 (panel B); fewer sera are reactive with '*I-GAC34 (panel C) or '*L-T15
(panel D). In most cases, the heterogeneity of the anti-peptide antibodies reacting
with monoclonal immunoglobulins is much more restricted than those to normal
IgG. Further, antibodies to any one of the monoclonal ligands seem unrelated
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FiGURE 2. Western blot analysis of anti-JH; sera. Lanes I and 2. 500 ng of MOPC 104 and
mol wt standards, respectively, overlaid with a 1:2,000 dilution of rabbit anti-JH;-KLH
followed by **I-SPA. Lanes 3 and 4 same as lanes / and 2, except a 1:2,000 dilution of rabbit
anti-HA-KLH control sera was used as first antibody. Molecular weight markers and location
of heavy and light chain bands are determined by amido blue-black staining of nitrocellulose
strips and are indicated on the left-hand border of the gel. Mol wt standards include
phosphorylase B, 92.5; BSA, 66.2; ovalbumin, 45; carbonic anhydrase, 31; soybean trypsin
inhibitor, 21.5; lysozyme, 14.5. HA peptide sequence is Cys-Lys-Arg-Gly-Pro-Asp-Ser-Gly-
Tyr.

to those reactive with the other monoclonal antibodies. This is best seen in rat
serum 11, which binds '**1-]558 very well, yet shows little or no activity for '2°I-
GAC34. On the other hand, rat serum 4 binds '**I-GAC34 better than '#*1-]558.
These results indicate that JH, induces several separate populations of antibodies
that bind different determinants in the JH segment and, secondly, that these
determinants have restricted distribution.

The second approach to the characterization of anti-peptide antibodies meas-
ures the fine specificity of binding to various ligands by competition RIA analysis.
In this procedure, the relative capacities of various unlabeled proteins to inhibit
the binding of '#*I-labeled monoclonal antibodies to anti-JH; antibodies measures
how closely the unlabeled proteins resemble each other with regard to the
antigenic determinant(s) expressed on the labeled proband. Table II summarizes
the results of these analyses using a single rabbit anti-JH, serum (serum T) to
bind to three ligands, **I-M104, '*I-T15 and '#I-GAC34. Each protein in
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Ficure 3. IEF patterns of rat and rabbit anti-peptide antisera. Rat and rabbit sera were
focused as described in Materials and Methods. Gels were overlaid with (4) '**I-mouse IgG,
(B) '**1-]558, (C) '®°I-GAC34 or (D) **I-T15. Lane T contains rabbit anti-JH;-KLH used in
Fig. 2 and Table I1. Lanes 1~1] are sera from individual rats immunized with JH;-KLH. Lanes
a—d are sera from four rats immunized with bombesin-KLH. Lanes W-Z are sera from four
rabbits immunized with HA-KLH. All rat sera demonstrate a nonspecific reactivity with '%1-
T15 at low pH.
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TasLE 11
Expression of JH-Dex, JH-PC, and JH-GAC in Myeloma and Hybridoma Proteins

Variable region determinants

Speci-

ficity Protein Isotype Ju D ToDex PG JwGAC
(relative expression)
Dextran M104 IgM, A\, h 2 100 7 20
Jb58 IgA, )\ I 2 75 4 5
Hdex1,2,6,7,9, 13,14  IgM, X, J 2 100-300 1 ND
Hdex10 IgM, A, I 2 25 9 ND
Hdex36 1gGs, \ It 2 60 <l <1
Hdex4,11,24 IgM, N Ja 2 100 10 2
Hdex12 IgM, )\, Js 2 200 1 <1
Hdex31 IgM, A, Ja 2 200 ND 1
PC T15 IgA K AR 6 <1 100 9
PG-1 IgM,K L 6 <1 25 5
M511 IgAK I 7 4 100 6
M167 IgA K I 8 10 140 2
1-B-10 1gG,K h ? <1 2 ND
6A6 IgGan,K I ? <1 15 ND
GAC GAC34 IgGs,K ? ? <1 ND 100
GAC54 IgGs,K ? ? <1 <1 120
GAC57 IgGs,K : P <l <1 120
GAC35 IgGs, K ? ? <1 3 200
GAC39 IgGs,K ? ? <l <1 75
GACI123 IgM K ? ? <1 <1 200
DNP M315 IgA, A2 J2 3 10 5 6
29-13 IgG2b,\, ? ? 10 ND ND
M460 IgA K ? ? <1 ND ND
Levan J606 IgGs,K Is 1 10 ND 100
M47A IgAK Js 1 2 100 2

Numerous proteins are examined for their expression of Ju-Dex, Ju-PC, and Ju-GAC. Expression of
JuDex, Ju-PC, and Ju-GAC are reported as a ratio of gg of inhibitor required to generate 50%
inhibition as compared to standard inhibitors. Values for 50% inhibition by standards are 40 ng
GAC34 for Ju-GAC, 270 ng T15 for Ju-PC, and 36 ng M104 for Ju-DEX. D represents the number
of residues assigned to this segment.

Table II was tested for the ability to block the binding of each of the three
ligands to anti-JH,. The results are clear. All dextran-specific antibodies are
capable of blocking '?*1-M 104 from binding to anti-JH;; no other protein tested
had this ability. Similarly, most of the anti-PC antibodies shared a determinant(s)
with T15 that was absent from all but one other protein, and all six anti-GAC
antibodies expressed a determinant(s) absent from nearly all other proteins.
Thus, these three distinct determinants, called Jy-Dex, Ju-PC, and Ju-GAC, are
highly associated with families of proteins sharing antigen specificity. Surpris-
ingly, at least two of the determinants were not restricted to the JH;-bearing
antibodies.

Discussion

Our goal at the outset of these studies was to produce antibodies specific for
the individual Ji segments. Instead, we found multiple determinants involving
Ju segments, each highly restricted in its distribution to groups of antibodies
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with similar antigen-binding specificity. Previously, Andrews and Capra (45), as
well as Schiff and co-workers (46), suggested that idiotopes may be located in
the J segment, but could not rule out other portions of the variable domains in
their assignments. Our surprise comes not from the realization that Ji segments
can participate in idiotypic determinants, but from the multiplicity of separate
determinants found within a stretch of 16 amino acids. We believe these results
require that conformational changes of Ju residues be induced by other segments
of the Vy domain. To evaluate this hypothesis, it is instructive to consider the
available structural information pertaining to Vy domains.

Crystallographic studies of the Vi domain have demonstrated that this region
is composed entirely of 8 pleated sheets (43, 47, 48). In the intact Fab, this
polypeptlde chain folds into a nine-stranded beta barrel in which each of the
nine strands is stabilized through hydrogen bonds to nelghbormg strands. The
Ju segment forms the ninth strand in the beta barrel, is in the immediate vicinity
of the antigen binding pocket, and interacts through hydrogen bonding with the
first (residues 1~14) and eighth (residues 91-100) strands of the barrel. Confor-
mation of the ] segment will be dependent on its own primary sequence,
influences from neighboring strands, as well as complex interactions with other
regions of the Vy, and the Cy; and Vi domains. It is conceivable that changes
in the length of the D segment, which lies in the hairpin turn of strands eight
and nine, may play a crucial role in the conformation of the J segment. This idea
gains support from the fact that Jy-Dex is expressed by proteins with short, two-
residue D segments, while Ju-PC is found on immunoglobulins with 5-7 residue
D segments. Unfortunately, crystallographic data examining the effect of inser-
tion or deletion of residues on the secondary and tertiary structure of similar
proteins is very limited. High resolution crystallographic data of the Vu region
are limited to three proteins: Kol, New, and McPC 603 (43, 47, 48). The New
Cu; domain has an additional residue relative to McPC 603 Cu; (49) that is
accompanied by a beta bend with minimal distortion of conformation. On the
other hand, the J segments of New and Kol demonstrate differences in confor-
‘mation; however, interpretation is difficult since only New is sequenced (50).
Finally, structural data from the Rei and Rhi Bence-Jones dimers have demon-
strated that the molecules show different conformations in sequence-identical
regions because of residue changes in neighboring hypervariable regions (51).
Therefore, the fragmentary structural data, at the least, indicate that confor-
mational changes can be expected in the J segment that are induced by other
parts of the variable region. Indeed, these putative conformational determinants
must accommodate significant changes in primary structure of the ] segment
itself, because, at least in the case of Jy-Dex, all four J segments express the same
putative conformational determinant.

Although it is not possible to decide which parts of the variable domains are
important in imparting the conformational changes to Jy, it is interesting that
the entire Vu segments of each family of idiotope-bearing molecules are very
similar. Each family is encoded by one or several very similar Vy segment genes.
This is also true for the anti-levan antibody, J606, that expresses the Ju-GAC
determinant. It is conceivable that some “Vu” or idiotype markers actually reside
in the Ju region. The 21Ab idiotype recently described by Morahan and col-
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leagues (52) bears some resemblance to our Jy-PC marker. Since their determi-
nant is hapten inhibitable and Cy locus-restricted, the idiotype may be located,
at least in part, in the JH, region. We have found that an anti-JH peptide
monoclonal antibody reacts exclusively with u chains (unpublished results); this
suggests that Cy regions may influence the conformation of the Jy segments as
well.

We believe that anti-peptide antisera will provide an important approach to
the localization of variable region markers. With this technique, one can confi-
dently predict in which section of the variable region an idiotope is located.
Furthermore, by synthesizing several overlapping peptides it may be possible to
map the location of these idiotopes to a key residue or residues. Further, this
technique may also be useful in mapping determinants that have already been
defined by classical serology. This has recently been demonstrated with antisera
generated against peptides corresponding to the third hypervariable region of
M104 and J558 (31). Conventional approaches had tentatively localized the
private idiotypic determinants of these two proteins to the D segment. Antibodies
directed to peptides corresponding to HV3 were shown to distinguish between
the proteins in a predictable way, confirming the previous conclusions. More
interesting, however, will be the surprises that emerge from use of this new
approach.

Summary

In an attempt to better understand the molecular basis of idiotypy, we have
generated several site-specific antisera through immunization of animals with
synthetic peptides corresponding to the (JH,) heavy chain joining segment 1 of
the mouse heavy chain variable (Vu) region. These anti-peptide sera identify
several idiotypic determinants present on intact hybridoma and myeloma im-
munoglobulins. Expression of at least three of these idiotopes is correlated with
the antigen specificity of the family of immunoglobulins bearing the determinant.
Use of synthetic peptides may prove a powerful technique in the generation of
molecularly defined antiidiotypic reagents.

We would like to thank Dr. Daniel Cawley for his help in designing the Western blot
transfer apparatus and protocol, and Dr. Jerrold Fulton and Dr. Scott Matthews for their
continuing interest and discussions.

Recetved for publication 3 January 1984.

References

1. Early, P., H. Huang, M. Davis, K. Calame, and L. Hood. 1980. An immunoglobulin
heavy chain variable region gene is generated from three segments of DNA:VH, D,
and Ju. Cell. 19:981.

2. Brack, C., M. Hirama, R. Lenhard-Schuller, and S. Tonegawa. 1978. A complete
immunoglobulin gene is created by somatic recombination. Cell. 15:1.

3. Wood, C., and S. Tonegawa. 1983. Diversity and joining segments of mouse immu-
noglobulin heavy chain genes are closely linked and in the same orientation: impli-
cation for the joining mechanisms. Proc. Natl. Acad. Sci. USA. 80:3030.

4. Seidman, J. G, E. E. Max, and P. Leder. 1978. A k-immunoglobulin is formed by



1348 SYNTHETIC IDIOTOPES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

site specific recombination without further somatic mutations. Nature (Lond.).
180:370.

. Blomberg, B., A. Trawnecker, H. Eisen, and S. Tonegawa. 1981. Organization of

four mouse X light chain immunoglobulin genes. Proc. Natl. Acad. Sci. USA. 78:3765.

. Sakano, H., K. Huppi, G. Heinrich, and S. Tonegawa. 1979. Sequences at the somatic

recombination sites of immunoglobulin light chain genes. Nature (Lond.). 280:288.

. Alt, F. W, and D. Baltimore. 1982. Joining of immunoglobulin heavy chain gene

segments: implications from a chromosome with evidence of three D-Ju fusions. Proc.
Natl. Acad. Sci. USA. 79:4118.

. Gough, N. M., and O. Bernard. 1981. Sequences of the joining genes for immuno-

globulin heavy chains and their role in generation of antibody diversity. Proc. Natl.
Acad. Sci. USA. 78:509.

. Gearhart, P. J., N. D. Johnson, R. Douglas, and L. Hood. 1981. IgG antibodies to

phosphorylcholine exhibit more diversity than their IgM counterparts. Nature (Lond.).
291:29.

Cook, W. D., S. Rudikoff, A. M. Giusti, and M. D. Scharff. 1982. Somatic mutation
in cultured mouse myeloma cell affects antigen binding. Proc. Natl. Acad. Sci. USA.
79:1240.

Selsing, E., and U. Storb. 1981. Somatic mutation of immunoglobulin light chain
variable region genes. Cell. 15:47.

Gearhart, P. J., and D. F. Bogenhagen. 1983. Clusters of point mutation are found
exclusively around rearranged antibody variable genes. Proc. Natl. Acad. Sci. USA.
80:3439.

Kunkel, H. G., M. Mannik, and R. C. Williams. 1963. Individual antigenic specificity
of isolated antibodies. Science (Wash. DC). 140:1218.

Claflin, J. L., and J. M. Davie. 1974. Clonal nature of the immune response to
phosphorylcholine. IV. Idiotypic uniformity of binding site associated antigenic
determinants among mouse antiphosphorylcholine antibodies. J. Exp. Med. 140:673.
Nahm, M. H., B. L. Clevinger, and J. M. Davie. 1982. Monoclonal antibodies to
streptococcal group A carbohydrate. I. A dominant idiotypic determinant is located
on V. J. Immunol. 129:1513.

Fulton, R. J.,, M. H. Nahm, and J. M. Davie. 1983. Monoclonal antibodies to
streptococcal group A carbohydrate II. the VK,%A¢ light chain is preferentially
associated with serum IgGs. J. Immunol. 131:1326.

Clevinger, B., J. Schilling, L. Hood, and J. M. Davie. 1980. Structural correlates of
cross-reactive and individual idiotypic determinants on murine antibodies to a(1—3)
dextran. J. Exp. Med. 151:1059.

Kunkel, H. G. 1970. Individual antigenic specificity, cross specificity and diversity of
human antibodies. Fed. Proc. 29:55.

Binz, H., and H. Wigzell. 1975. Shared idiotypic determinants on B and T lympho-
cytes reactive against the same antigenic determinants. I. Demonstration of similar
or identical idiotypes on IgG molecules and T cell receptors with the same specificity
for the same alloantigen. J. Exp. Med. 142:197.

Cleveland, W. L., N. H. Wassermann, R. Sarangarajan, A. S. Penn, and B. F. Erlanger.
1983. Monoclonal antibodies to the acetylcholine receptor by a normally functioning
auto-anti-idiotypic mechanism. Nature (Lond.). 305:56.

Jerne, N. K. 1974. Towards a network theory of the immune system. Ann. Immunol.
(Paris). 125C:373.

Milburn, G. L., and R. G. Lynch. 1982. Immunoregulation of murine myeloma in
vitro. II. Suppression of MOPC-315 immunoglobulin secretion and synthesis by
idiotype-specific suppressor T cells. /. Exp. Med. 155:852.



23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

SEIDEN ET AL. 1349

Miller, G. G., P. L. Nadler, Y. Asano, R. ]J. Hodes, and D. H. Sachs. 1981. Induction
of idiotype-bearing nuclease-specific helper T cells by in vivo treatment with antiidi-
otype. J. Exp. Med. 154:24.

Kapp, J. A, B. A. Araneo, and B. L. Clevinger. 1980. Suppression of antibody and
T cell proliferative responses to L-glutamic acid®*-L-alanine*’-L-tyrosine'® by a specific
monoclonal T cell factor. J. Exp. Med. 152:235.

Cosenza, H., and H. Kohler. 1972. Specific suppression of the antibody response by
antibodies to receptor. Proc. Natl. Acad. Sci. USA. 69:2701.

Miller, R. A, D. G. Maloney, R. Warnke, and R. Levy. 1982. Treatment of B cell
lymphoma with monoclonal anti-idiotype antibody. N. Engl. J. Med. 306:517.
Lerner, R. A. 1982. Tapping the immunological repertoire to produce antibodies of
predetermined specificity. Nature (Lond.). 299:592.

Sutcliffe, J. G., R. J. Milner, T. M. Shinnick, and F. E. Bloom. 1983. Identifying the
protein products of brain specific genes with antibodies to chemically synthesized
peptides. Cell. 33:671.

Schmitz, H. E., H. Atassi, and M. Z. Atassi. 1983. Production of monoclonal
antibodies with preselected submolecular binding specificities to protein antigenic
sites: antibodies to sperm whale myoglobin sites. Mol. Immunol. 20:719.

Seiden, M. V., B. Clevinger, T. Srouji, J. M. Davie, S. McMillan, and R. Lerner.
1984. A synthetic peptide induces a new anti-dextran idiotype. Ann. Immunol. (Paris).
1385:77.

McMillan, S., M. V. Seiden, R. A. Houghten, B. Clevinger, J. M. Davie, and R. A.
Lerner. 1983. Synthetic idiotypes: the third hypervariable region of murine anti-
dextran antibodies. Cell. 35:859.

Merrifield, R. B. 1963. Solid phase peptide synthesis. 1. The synthesis of a tetrapep-
tide. J. Am. Chem. Soc. 85:2149.

Walter, G., K. Scheidtmann, A. Carbone, A. P. Laudano, and R. F. Doolittle. 1980.
Antibodies specific for the carboxy- and amino-terminal regions of simian virus 40
large tumor antigen. Proc. Natl. Acad. Sci. USA. 77:5197.

Liu, F.-T., M. Zinnecker, T. Hamaoka, and D. H. Katz. 1979. New procedures for
preparation and isolation of conjugates of proteins and a synthetic copolymer of D-
amino acids and immunochemical characterization of such conjugates. Biochemistry.
18:690.

Green, N., H. Alexander, A. Olson, S. Alexander, T. M. Shinnick, J. G. Sutcliffe,
and R. A. Lerner. 1982. Immunogenic structure of the influenza virus hemagglutinin.
Cell. 28:4717.

Perlmutter, R. M., D. Hansburg, D. E. Briles, R. A. Nicolotti, and J. M. Davie. 1978.
Subclass restriction of murine anti-carbohydrate antibodies. J. Immunol. 121:566.
Greenwood, F. C., W. M. Hunter, and J. S. Glover. 1963. The preparation of '*'I-
labeled human growth hormone of high specific radioactivity. Biochem. J. 89:114.
Bloch, R., and M. M. Burger. 1974. A rapid procedure for derivatizing agarose with
a variety of carbohydrates: its use for chromatography of lectins. FEBS (Fed. Eur.
Biochem. Soc.) Lett. 44:286.

Hiramoto, R., V. K. Ghanta, J. R. McGhee, R. Schrohenloher, and N. M. Hamlin.
1972, Use of dextran conjugated columns for the isolation of large quantities of
MOPC 104E IgM. Immunochemistry. 9:1251.

Towbin, H., T. Stachelin, and J. Gordon. 1979. Electrophoretic transfer of proteins
from polyacrylamide gels to nitrocellulose sheets: procedures and some applications.
Proc. Natl. Acad. Sci. USA. 76:4350.

Saravis, C. A., and N. Zamcheck. 1979. Isoelectric focusing in agarose. J. Immunol.
Methods. 29:91.



1350 SYNTHETIC IDIOTOPES

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Ey, P. L, 8. ]. Prowse, and C. R. Jenkins. 1978. Isolation of pure IgG,, IgGs., and
IgG2, immunoglobulins from mouse serum using protein A sepharose. Immunochem-
istry. 15:429.

Segal, D. M, E. A. Padlan, G. H. Cohen, S. Rudikoff, M. Potter, and D. R. Davies.
1974. The three-dimensional structure of a phosphorylcholine-binding mouse im-
munoglobulin Fab and the nature of the antigen binding site. Proc. Natl. Acad. Sci.
USA. 71:4298.

Perlmutter, R. M,, J. L. Klotz, M. W. Bond, M. Nahm, J. M. Davie, and L. Hood.
1984. Multiple Vy gene segments encode murine anti-streptococcal antibodies. J.
Exp. Med. 159:179.

Andrews, D. W, and J. D. Capra. 1981. Complete amino acid sequence of variable
domains from two monoclonal human anti-gamma globulins of the Wa coss-reactive
idiotypic group: suggestion that | segments are involved in the structural correlate
of the idiotype. Proc. Natl. Acad. Sci. USA. 78:3799.

Schiff, C., C. Boyer, M. Milili, and M. Fougereau. 1981. Structural basis for M-173
idiotypic determinants distinctively recognized in syngeneic and allogeneic immuni-
zation: contribution of Dy, Ju, and Jk regions to an idiotype recognized by allogeneic
antisera. Ann. I'mmunol. (Paris). 132C:113.

Saul, F. A., L. M. Amzel, and R. J. Poljak. 1978. Preliminary refinement and
structural analysis of the Fab fragment from human immunoglobulin New at 2.0A
resolution. J. Biol. Chem. 253:585.

Marquart, M., J. Deisenhofer, R. Huber, and W. Palm. 1980. Crystallographic
refinement and atomic models of intact immunoglobulin molecule Kol and its antigen-
binding fragment at 3.0A and 1.9A resolution. J. Mol. Biol. 141:369.

Richardson, J. 1981. The anatomy and taxonomy of protein structure. Adv. Protein
Chem. 34:497.

Poljak, R. J., L. M. Amzel, B. L. Chen, Y. Y. Chiu, R. P. Phizackerley, F. Saul, and
X. Ysern. 1977. Three dimensional structure and diversity of immunoglobulins. Cold
Spring Harbor Symp. Quant. Biol. 41 (Pt.2):639.

Furey, Jr., W., B. C. Wang, C. S. Yoo, and M. Sax. 1983. Structure of a novel Bence-
Jones protein (Rhe) fragment at 1.6A resolution. J. Mol. Biol. 167:661.

Morahan, G., C. Berek, and J. F. A. P. Miller. 1983. An idiotypic determinant formed
by both immunogiobulin constant and variable region. Nature (Lond.). 301:720.
Sakano, H., R. Maki, Y. Kurosawa, W. Roeder, and S. Tonegawa. 1980. Two types
of somatic recombination are necessary for the generation of complete immunoglob-
ulin heavy chain genes. Nature (Lond.). 286:676.



